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ABSTRACT

Author: Kemp, Blakelee, R. PhD
Institution: Purdue University
Degree Received: August 2018
Title: Early Social Origins of Premature Aging: How Do Childhood Exposures Shape Aging and
Mortality?
Major Professor: Kenneth F. Ferraro
The early origins of health literature documents a distinct link between early life exposures
and a range of pathologies in later life. However, it is still unclear if and which types of childhood
events and experiences shape biological aging or increase mortality risk among older adults. The
purpose of this dissertation is to examine (1) what types of early life exposures influence biological
aging and mortality and for whom and (2) whether biological age acts as a marker of early life
stress and a predictor of mortality. Drawing from cumulative inequality theory, this dissertation
uses six waves of data (2004-2014) from the Health and Retirement Study, a panel survey of adults
age 51 and over, to examine the effect of six domains of childhood exposures on biological age
and mortality. This dissertation is divided into three empirical chapters.
The first study investigates the influence of childhood exposures on biological age as
measured by telomere length. Findings reveal that risky parental behaviors during childhood are
associated with shorter telomeres, and thus older biological age, yet in somewhat different ways
for men and women. In addition, the impact of childhood impairment and infectious diseases on
biological age varies by race. Study two asks which childhood exposure domains increase allcause or cardiovascular mortality risk. Findings suggest that the positive association between
socioeconomic disadvantage and mortality risk likely operates through adult socioeconomic
factors. As anticipated, childhood infectious diseases decreased the risk of all-cause mortality.
However, unexpectedly, risky parental behavior also decreased the risk of all-cause mortality.

xiii
Among cardiovascular mortality analyses, risky adolescent behaviors increased the risk and one
impairment during childhood decreased the risk of cardiovascular mortality. The last empirical
study uses the sample of adults with telomere data to examine the effects of childhood misfortune
and telomere length on all-cause, cardiovascular, and cancer mortality.

Socioeconomic

disadvantage during childhood reduced the risk of all-cause mortality, yet no other childhood
exposure or telomere length was related to all-cause, cardiovascular, or cancer mortality. The
effect of telomere length on all-cause mortality risk did, however, vary by race where telomere
length was positively associated with mortality for Black adults and negatively associated with
mortality for White adults.
Taken together, these studies demonstrate that early life exposures have long-lasting and
latent effects on aging and mortality, yet in distinct ways. Several childhood exposure domains
were associated with biological age and/or mortality, underscoring the importance of investigating
multiple domains. Despite the negative implications of some types of childhood misfortune,
children and adults are capable of adaptation and resilience. This dissertation identified childhood
exposure domains that should be targeted in prevention efforts and revealed that some types of
early life stressors may promote adaptive strategies.

1

CHAPTER 1.

1.1

INTRODUCTION

Statement of the Problem

In the early 20th century, prevailing knowledge of chronic disease etiology rested primarily
on adult behavior and lifestyle risk factors such as smoking, diet, and physical inactivity (Kuh and
Ben-Shlomo 2004). As chronic disease prevalence began to rise, reflecting the growing population
of older adults, optimal aging became a salient interest and health initiatives set out to discourage
these behavioral risk factors. However, it has become increasingly clear that that identifying and
targeting proximal causes of disease is insufficient in preventing morbidity, deferring mortality,
and successfully expanding healthy years of life (Avendano and Kawachi 2014; World Health
Organization 2014). Research focus has now shifted with the inclusion of life course epidemiology,
challenging earlier ideas of chronic disease origins by highlighting early life antecedents of poor
adult health and suggesting health trajectories begin as early as conception (Barker 1995; Kuh and
Ben-Shlomo 2004).
Inspired by life course, stress, and accumulation theories, early origins of health scholars
draw attention to the plasticity of development, recognizing that early life stressors and insults
shape aging and health into later life. Although several terms have been used to describe these
early life exposures, they range in severity and include events and experiences such as trauma and
abuse, fetal malnourishment, socioeconomic disadvantage, illness, and family dynamics and
dysfunction such as experiencing the death of a parent or witnessing a parent being abused. Early
life exposures such as these have been linked to adult health outcomes including obesity (Danese
and Tan 2014), myocardial infarction (Morton, Mustillo, and Ferraro 2014), cancer (Kemp et al.
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2018), and handgrip strength (Smith et al. 2016), among several others (Felitti et al. 1998; Ferraro,
Schafer, and Wilkinson 2016; Williams et al. 2018).
Advances in the early origins of health research over the last 30 years have made clear that
unfavorable conditions during early life raise the risk of disease in later life. However, there are
still unanswered questions; perhaps most paramount is how do early life exposures shape aging
and mortality? Another important question, especially when thinking ahead to prevention and
intervention strategies, is whether there are any types of exposures more salient in influencing
aging and mortality. Virtually all domains in life overlap in some way and childhood events and
experiences do not occur in a vacuum—rather, they spill over into other domains and/or lead to
subsequent events and experiences.
Although studies are beginning to examine these questions, it is also unclear if childhood
exposures leave an imprint on the fundamental processes of biological aging and if so, could this
be one mechanism to explain how early life exposures shape morbidity and mortality? To examine
the physiologic changes associated with stress and identify individuals who are aging at different
rates, researchers are turning to measureable biological properties known as biomarkers.
Drawing from several fields of empirical literature, this dissertation advances the early
origins of health research and addresses the aforementioned limitations by using a wider array of
childhood exposure types and a comprehensive biological marker of aging measured in a
nationally representative sample, including oversamples of Black and Hispanic Americans.
Intended to provide a more global rather than system-specific or transient measure of health and
aging, this study uses a biomarker of aging that chronicles genomic damage (Allsopp et al. 1992;
Harley 1991; Mather et al. 2011; Pole, Dimri, and Dimri 2016). In addition, no study to my
knowledge has examined the intermediary effect of biological aging between childhood misfortune
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and mortality risk, although implied by some researchers (Puterman et al. 2016). A clearer
understanding of the relationships between childhood exposures, biological aging, and mortality
could enable medical professionals to monitor the biological imprint of early social stress and
misfortune, aiding in early prevention and optimizing intervention of age-related disease and
premature mortality.
1.1.1 Specific Aims and Innovation
This study uses data from the Health and Retirement Study (HRS), a nationally
representative panel survey of adults over the age of 50. Beginning in 1992, the HRS samples
adults every two years and adds new cohorts every six years. Oversamples of Black adults,
Hispanic adults, and residents of the state of Florida make the HRS the largest representative panel
study of older adults in the U.S.
The guiding theory for this project is cumulative inequality (CI) theory (Ferraro and
Shippee 2009)—a middle range theory drawing from the life course perspective (Elder 1998),
cumulative advantage/disadvantage (Dannefer 2003), and stress process theory (Pearlin et al.
2005). CI theory highlights childhood as a sensitive period and emphasizes the demographic and
developmental processes that occur over time, shaping health trajectories. This research uses CI
theory to formulate research questions and hypotheses related to the effects of early and cumulative
insults on aging. This research has four main aims:
1. To determine if experiencing childhood misfortune leads to older biological age for
Black, White, and Hispanic men and women.
Although some biomarkers are useful for linking social stressors to specific biological
responses, telomere length reflects the cumulative damage of the genome and the likelihood of
cellular senescence, offering a global picture of the biological aging processes (Harley 1991; von

4
Zglinicki 2002). As cells divide, telomeres shorten, thus shorter telomeres correspond to older
biological age. Some researchers have begun to examine the association between childhood
misfortune and telomere length in adulthood, however, the conclusions are equivocal and warrant
a more thorough examination in identifying what types of misfortune lead to premature aging, in
what magnitude, and for whom. Recent research points to the importance of considering different
types of misfortune (e.g., Smith et al. 2016), what some refer to as clusters (O’Rand and HamilLuker 2005) or domains of misfortune (Schafer, Ferraro, and Mustillo 2011). In addition, attention
given to race and gender variation in these associations is severely lacking. This dissertation also
investigates differences by race and gender in the effect of childhood exposures on biological aging.
2. To explicate how childhood misfortune may be related to telomere length by examining
the potential indirect pathways such as adult health behaviors and socioeconomic
factors.
Several studies indicate that experiencing childhood misfortune increases the likelihood of
partaking in coping mechanisms harmful to health such as smoking and heavy alcohol
consumption as well as impact socioeconomic factors such as education attainment and income
(Felitti et al. 1998; Ferraro et al. 2016). Moreover, studies also reveal that similar adult health
behaviors and socioeconomic factors are linked to shorter telomeres in adulthood (Bendix et al.
2013; Cherkas et al. 2008; Du et al. 2012; Needham et al. 2013). Therefore, it follows that adult
health behaviors and socioeconomic factors may mediate the relationship between early life
exposures and telomere length. This is a particularly important avenue of investigation given that
these mechanisms are malleable, opening clear opportunity for intervention.
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3. To examine if and which childhood exposures are related to all-cause or cardiovascular
mortality risk in adulthood.
Studies reveal that childhood adversities such as abuse, trauma, and household dysfunction
increase the risk of mortality in adulthood (Brown et al. 2009; Chen et al. 2016; Kang, Kim, and
Lee 2016; Kelly-Irving et al. 2013). However, these studies fail to adequately account for other
childhood exposures and context that may be related to or even the driving force behind the
association between some types of misfortune and mortality. Moreover, several of these studies
tend to observe mortality risk among individuals aged 18 years and over. This is very important
work revealing that noxious exposures such as parental physical and sexual abuse lead to
premature mortality, often from causes such as homicide, suicide, and drug overdose (Juon,
Ensminger, and Feehan 2003; Lee and White 2012). The aim of this research, however, is to
investigate whether these adversities as well as less severe insults—described as misfortune rather
than adversity—have long–lasting or latent effects that manifest in death due to chronic, agerelated disease. Thus, by restricting the sample to older adults (i.e., age 51+), we can observe the
“long-arm” of childhood misfortune in influencing aging and mortality.
4. To investigate the relationships among childhood exposures, telomere length, and allcause, cardiovascular, and cancer mortality.
The value of a biomarker of aging is held in its ability to monitor basic processes of aging
and identify those at risk of age-related disease and mortality (Mather et al. 2011). Not only has
telomere length been implicated in predicting age-related diseases, it is hypothesized that critically
short telomere length may lead to cellular senescence, and the accumulation of senescent cells may
influence the development of disease (Blasco 2005; Mather et al. 2011). However, a clear
connection between telomere length and all-cause mortality has not been made evident in the
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literature (Bendix et al. 2013; Martin-Ruiz et al. 2005; Njajou et al. 2009). Reasons for equivocal
reports likely include small sample sizes, short follow-up periods, and select populations.
Moreover, biomarkers of aging should act as an intermediary between early life stressors
and later life morbidity and mortality. Yet, to the author’s knowledge, no research has considered
the potential indirect effects of childhood insults on mortality through adult telomere length.
Several studies examine either (1) the effects of stressors, health behaviors, and socioeconomic
factors on telomere length (Bendix et al. 2013; Cherkas et al. 2008; Du et al. 2012; Kiecolt-Galser
et al. 2011; Needham et al. 2013) or (2) the strength of telomere length as a predictor of age-related
disease and mortality (Fitzpatrick et al. 2007; Mather et al. 2011; Sanders and Newman 2013;
Weischer et al. 2012). If childhood exposures and telomere length are associated with mortality,
do childhood exposures indirectly influence mortality through telomere length?
This dissertation is innovative and significant in several ways. First, this study draws upon
a large nationally representative sample including oversamples of Hispanic and Black adults
offering confidence in generalizability of the results and detailed attention to diversity in the aging
experience. Along with addressing the aims described above, I also give careful attention to
potential racial and ethnic differences in the effects of childhood exposures throughout each of the
studies. Second, this dissertation integrates research from multiple fields including gerontology,
sociology, and biology. An integrative approach to understanding the extent to which social forces
influence biological mechanisms is imperative to translational research. Third, this research
examines the intermediary role of telomere length, which has been suggested by researchers, but
not formally studied to my knowledge. Investigating this pathway is vital in determining whether
telomere length is both a marker of accumulated stress and predictor of mortality. Moreover,
identifying which domains of childhood exposures are linked to aging and mortality aid in
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directing intervention strategies with the goal of promoting healthy aging. Fourth, given the
longitudinal structure of the data, theoretical pathways are examined, strengthening the evidence
for causal inference. Identifying which adult risks and resources potentiate or mitigate the effects
of childhood exposures is also necessary before planning interventions.

1.2

Early Origins of Premature Aging

For several decades, scholars from various fields have observed the long-lasting and
latent health effects of early life conditions in animal and human models. In 1966, a
microbiologist by the name of René Dubos and colleagues discussed “early influences” that had
long-lasting effects on development, growth, and health in animal and human models, noting that
these influences could go beyond conditioning behavioral patterns and have lasting biological
imprints. Whereas some fields of research have focused on more affective and behavioral
outcomes of early life conditions and stressors (Harlow and Zimermann 1959)1, a large body of
work emerged in the late 20th century focusing on exposures that occurred in utero, leading to
biological changes (Barker 1995). This research on the developmental origins of health
identified exposures that occurred during a critical period of development, characterized by rapid
cell division which made the systems vulnerable to permanent damage.
Several other studies began to observe that some types of exposures that occurred during
childhood and adolescence—a sensitive rather than critical period—also had long-term
implications for health. One of the most well-known studies was the Adverse Childhood
Experiences (ACE) Study, revealing that accumulation of adverse childhood experiences was

1

This is in reference to the field of psychology and more specifically, the study by Harlow and Zimmermann showing
the behavioral effects of social isolation among rhesus monkeys.
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associated with a host of poor health behaviors and outcomes in adulthood (Felitti et al. 1998).
Alongside this emerging line of research examining ACE scores (i.e., adding up several adverse
events and experiences to create a total score), were other somewhat similar studies examining
the long-lasting health impact of childhood socioeconomic disadvantage and family dynamics
(Preston, Hill, and Drevenstedt 1998; Schwartz et al. 1995).
More recently, scholars have argued the importance of considering different types of
exposures, what some refer to as clusters (O’Rand and Hamil-Luker 2005) or domains of
misfortune (Schafer et al. 2011) in studies on the early origins of health. Failing to account for
multiple childhood domains may lead to an over estimation of the domain under study (Cohen et
al. 2010; Ferraro et al. 2016). Also, some types of childhood exposures may be protective
whereas others are harmful; if these different types are added together (e.g., an ACE score), the
effects may cancel each other out, revealing a null effect. Moreover, identifying which type of
exposure is related to aging, morbidity, and mortality aid in directing prevention efforts.
In discussing different types of childhood exposures, terminology should be clarified.
The term ‘adversity’ is often used to describe more severe, noxious insults such as physical and
sexual abuse by a parent, whereas the term ‘misfortune’ is sometimes used for less severe events
and experiences that typically have a broad impact and likely increase the risk of poor health.
Since I examine multiple domains of childhood events and experiences, I often use the term
exposures. Experiencing chicken pox is almost never considered an adversity, probably rarely
considered a misfortune, and thus most accurately described as an exposure.
Despite hundreds of studies over the last few decades, scholars have only recently begun
to bridge fields of research and address important questions such as: do early exposures influence
biological aging? How do early exposures shape aging and morbidity? Are any social groups
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more likely to be affected by early exposures? The purpose of this dissertation is to build upon
the extensive early origins of health literature by addressing these questions and in doing so,
shifting attention to the early origins of premature aging.

1.3

Data and Methods

To address the aforementioned aims, this dissertation uses data from the HRS (HRS 2017a).
The University of Michigan began conducting this study in 1992 with funding from the National
Institute on Aging (NIA U01AG009740). The HRS uses a multi-stage area probability sample
design, collecting core data from respondents every two years with occasional off-year studies.
The HRS oversamples Black and Hispanic adults and residents of Florida, and in order to replenish
the sample, new cohorts are added every six years. Between 2004 and 2014, response rates were
81% or greater (HRS 2017b). The HRS is the largest and most comprehensive longitudinal panel
study of older adults in the U.S., collecting data on several aspects of aging life including health,
work, family, assets, and pensions. Important for this research, the HRS also collects information
on childhood conditions, adult health behaviors and lifestyle, socioeconomic factors, biomarkers,
and is linked to the National Death Index.
This dissertation uses 6 waves of data (2004-2014). Information from childhood was
gathered at the first core interview for respondents, thus some childhood information was
collected prior to 2004 for some respondents. Telomere data were obtained in 2008 only, from a
random one-half of the core sample. Of the respondents eligible for the 2008 enhanced face-toface (EFTF) interview, 5,808 consented to a saliva sample via cheek swab in order to extract
DNA for telomere data. The DNA extraction completion rate was 84% (HRS 2013). Mortality
information (i.e., death, date of death, and cause of death) was taken from National Death Index
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(NDI) or from the exit interview if NDI information was not available. For cause of death,
information was taken from the NDI linkage until 2012, then filled in with information from exit
interviews2.
Preliminary analyses and descriptive statistics were conducted in Stata version 14 and
final estimates were obtained in Mplus version7 for the first study in Chapter 2. Telomere data
from Wave 9 (2008) and ordinary least squares regression was used in Chapter 2 to examine the
association between childhood misfortune and telomere length. Item-missing was handled with
full information maximum likelihood. Analyses for Chapters 3 and 4 were conducted in Stata
version 14 and item-missing were accounted for using multiple imputation with chained
equations. For Chapter 3, the association between childhood exposures and mortality (20042014) was examined using Cox Proportional Hazards. Also using Cox Proportional Hazards,
Chapter 4 examined the relationships between childhood exposures, telomere length, and
mortality (2008-2014). Analyses were weighted and adjusted for the complex survey design of
the HRS.

1.4

Description of Chapters

Henceforth this dissertation is divided into three empirical chapters followed by a
concluding chapter. The first empirical study examines the association between six domains of
childhood misfortune and telomere length while also giving attention to potential differences by
gender, race, and ethnicity. This study also examines whether the effect of childhood exposures
may be indirectly associated with telomere length through adult health behaviors and lifestyle.
The second empirical chapter draws from a larger sample of the HRS and investigates the link

2

The NDI linkage to the HRS is only available through 2012.
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between childhood exposures and all-cause as well as cardiovascular mortality over a 10-year
period (2004-2014). This study also examines how subjective life expectancy corresponds to
mortality risk. The third empirical study examines the relationships between childhood exposures,
telomere length, and mortality (2008-2014)—all-cause, cardiovascular, and cancer mortality.
Each study gives attention to the role of parental longevity in shaping telomere length and/or
mortality.

12

CHAPTER 2.
THE IMPACT OF EARLY LIFE MISFORTUNE ON
ADULT TELOMERE LENGTH: ARE BIOLOGICAL
CONSEQUENCES OF CHILDHOOD MISFORTUNE DETECTABLE
DECADES LATER?

2.1

Introduction

A voluminous literature emerged during the past two decades documenting the deleterious
effects of adverse childhood events and experiences on health, aging, and longevity. Early life
misfortune such as parental abuse and socioeconomic disadvantage increase the risk of many
leading causes of death including cancer (Fuller-Thompson and Brennenstuhl 2009; Morton,
Schafer, and Ferraro 2012) and cardiovascular disease (Galobardes, Smith, and Lynch 2006;
Hamil-Luker and O’Rand 2007). Moreover, early and cumulative exposure to risk has health
consequences that may result in premature mortality (Brown et al. 2009; Kelly-Irving et al. 2013).
The contributions to this literature by fields such as gerontology, medical sociology, and
developmental biology have built a convincing case for new ways of thinking about prevention,
health promotion, early detection, and closing persistent gaps in health (Shonkoff, Boyce, and
McEwen 2009).
Given the preponderance of evidence demonstrating the early origins of adult health, a
logical next step to advance this line of research is delineating the physiological changes and
biological consequences of childhood misfortune, and how these changes may shape the aging
process. To examine the biological mechanisms of stress and detect premature aging, researchers
increasingly turn to measurable biological properties referred to as biomarkers. As a biomarker of
aging resembling a cellular clock, telomeres—chromosomal end caps that protect from DNA
degradation—shorten with age and as cells divide (Mather et al. 2011). Although other biomarkers
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are useful for linking social stressors to specific biological responses such as inflammation (e.g.,
C-reactive protein, interleukin-6) or physiologic stress (e.g., cortisol), telomere length reflects the
cumulative damage of the genome and the likelihood of cellular senescence (Harley 1991; von
Zglinicki 2002). Thus, telomere length can be used as a powerful tool for early detection of
premature aging; it is both a marker of biological disruptions and a predictor of non-communicable
diseases (Blasco 2005). Shorter telomere length has been linked to diseases of aging such as cancer
and coronary heart disease, as well as premature mortality (Carty et al. 2015; Willeit et al. 2010).
Evidence also suggests that childhood misfortune is associated with shorter adult telomere
length (Price et al. 2013). Many of these studies, however, are narrowed to one particular type of
misfortune such as childhood maltreatment (Tyrka et al. 2010), have small sample sizes (KiecoltGlaser et al. 2011), fail to adjust for other potentially confounding factors (O’Donovan et al. 2011),
or report no relationship (Glass et al. 2010).

This study seeks to address the empirical

inconsistency by using a wider array of misfortune3 measured in a nationally representative sample.
To advance research on early life misfortune and telomere length, data from the Health and
Retirement Study and guidance from cumulative inequality theory are used to investigate whether
childhood misfortune is associated with shorter telomere length in adulthood, and if so, are some
domains of misfortune more salient than others in influencing premature aging as measured by
telomere length?

3

Researchers often use the term adversity to describe noxious events and experiences in childhood such as abuse or

exposure to violence. I use the term misfortune to encompass a broader array of childhood stressors including
indicators of low SES, diseases, and impairments.
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2.2

Background

2.2.1 Early Life Predictors of Premature Biological Aging
As Selye noted in 1973, “just as any inanimate machine gradually wears out, so does the
human machine sooner or later become the victim of constant wear and tear” (p. 695). Although
individuals are not just passive agents of their surroundings, biological systems inevitably change
over time. Telomere length is a measure of biological aging that enables researchers to gauge the
extent of wear and tear on the genome. Human diploid cells have a limited capacity to replicate
known as the Hayflick limit (Hayflick and Moorehead 1961) and as cells replicate, telomeres
shorten—a phenomenon referred to as the end-replication problem (Allsopp et al. 1992; Harley
1991). Thus, cell replication is chronicled by telomere length until a critically short telomere
triggers cellular senescence—a dormant state of the cell (Allsopp et al. 1992; Harley 1991; Mather
et al. 2011; Pole et al. 2016). The accumulation of senescent cells, moreover, plays a pivotal role
in the pathogenesis of age-related diseases (Blasco 2005).
Evidence suggests that early life stressors can heighten vulnerability to biological risk in
adulthood (Berg et al. 2017; Blasco 2005; von Zglinicki 2002).

Although telomerase, a

ribonucleoprotein reverse transcriptase, can maintain telomere length, this enzyme is expressed in
some cells only and is insufficient to maintain telomere length in somatic cells (Price et al. 2013).
The complexities of telomere biology are not completely understood; however, an emerging
literature indicates that adversity experienced at different life stages is associated with shorter
telomeres in comparison to those who have experienced minimal adversity. Research has revealed
that children who experience more time in an institutionalized setting (Drury et al. 2012), have
experienced family violence (Drury et al. 2014), and live in neighborhoods characterized by high
levels of disorder have shorter telomere length than their counterparts (Theall et al. 2013). In a
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study investigating telomere attenuation in childhood, young children who were exposed to two or
more types of violence (domestic violence, bullying victimization, and/or physical maltreatment
by an adult) showed more rapid telomere shortening from age 5 to age 10 than children who were
exposed to one type or no violence (Shalev et al. 2013).
Beyond research investigating telomere length in childhood, other researchers have
examined the long-term and latent effects of childhood misfortune on adult telomere length.
Evidence from samples of adults (age 21 to 80) reveals that cumulative misfortune in childhood is
associated with shorter telomere length in adulthood. Shorter telomeres have been associated with
cumulative adversity in childhood, especially among respondents with post-traumatic stress
disorder (PTSD) and other psychopathologies (O’Donovan et al. 2011; Tyrka et al. 2016). In a
study examining the effect of childhood adversity on multiple biomarkers of inflammation and
aging, two or more adversities were linked to shorter telomeres as well as inflammation, which
was measured by the biomarker interluekin-6 (Kiecolt-Galser et al. 2011). Even after controlling
for lifetime stressors, Surtees et al. (2011) found that telomeres were shorter with each additional
childhood adversity reported. These studies suggest a possible graded relationship and perhaps a
threshold effect of two or more instances of childhood misfortune on telomere length and other
biomarkers of physiological aging.
Although Keicolt-Glaser et al. (2011) revealed that childhood adversity (death of a parent,
parental substance abuse issues) was associated with shorter telomere length, they found no
association between abuse and telomere length. In addition, an association between childhood
neglect (but not abuse) and telomere length was observed in a small sample of adults (Tyrka et al.
2010). Although these null reports are puzzling given the severity of abuse, the small sample sizes
may be one plausible explanation. Indeed, a study with a much larger sample size (4,441 women)
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than the previous two studies reported a strong association between physical abuse in childhood
and shorter adult telomere length (Surtees et al. 2011). Nonetheless, these findings point to the
importance of considering different types of misfortune, what some refer to as clusters (O’Rand
and Hamil-Luker 2005) or domains of misfortune (Schafer et al. 2011). If some domains of
misfortune are positively associated with an outcome while others are negatively related, adding
domains may inadvertently lead to null findings and misleading conclusions.
2.2.2 Parental Longevity
Along with environmental stressors (physical, social, and psychological), research suggests
that heritability accounts for an appreciable portion of variability in telomere length (Broer et al.
2013). Despite the potentially strong genetic influence, few studies that investigate the effects of
childhood misfortune on telomere length account for heritable influences. Researchers are likely
limited by datasets that lack information on both genetic factors and social stressors; however,
other measures may tap elements of heritability. For instance, parental age at birth has been used
as an indicator of heritability, intended to reflect robustness of gametes and achieved social status
(Prescott et al. 2012).
Along with genes, shared living environments and learned behaviors are transferred
intergenerationally. Therefore, parental longevity—determined by environment, lifestyle, and
genetic factors—is another useful indicator of heritability, along with other important information
on family lineage (Njajou et al. 2007). Parental longevity provides information on (1) genetic
influences of health and aging and (2) information on the home environment, tapping into the
shared physical environment and learned health-related behaviors. In order to account for family
lineage—both genetic and behavioral influences, this study uses longevity of the respondent’s
mother and father as indicators.
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2.2.3 Race, Ethnicity, and Sex
There is high correlation in telomere lengths from different cell types within the same
individual, however, much variability between individuals exists (Okuda et al. 2002). Although
some studies reveal that there are no significant racial, ethnic, or sex differences in telomere length
among newborns (Okuda et al. 2002), many studies describe telomere length variation by these
characteristics among adults (Brown, Needham, and Alshire 2017). Fairly consistent is the finding
that women have longer telomeres than men (Benetos et al. 2001; Brown et al. 2017; Njajou et al.
2009). After examining correlations in telomere lengths among parents and offspring by sex,
Nawrot and colleagues (2004) suggest an X chromosome-linked inheritance. In contrast or in
addition to innate differences in telomere length by sex, women’s telomeres could potentially
shorten at a slower pace over time than men’s.
Findings with reference to racial and ethnic variation in telomere length are much less clear.
It is assumed that more disadvantaged individuals will have shorter telomeres, yet studies reveal
the opposite for racial and ethnic minorities—Black and Hispanic adults have longer telomeres
than White adults (Brown et al. 2017; Hunt et al. 2008; Needham et al. 2013). Some researchers
suggest that despite longer telomeres, Black adults experience faster telomere shortening than
White adults (Geronimus et al. 2010). However, other researchers report shorter telomeres among
Black and Hispanic adults in comparison to White adults (Diez Roux et al. 2009). Many studies
that compare telomere length by race and ethnicity have small sample sizes or are of unique
samples that may not be representative to the population. Thus, more research is needed to better
elucidate racial and ethnic differences in telomere length. In a large sample of older adults, Adler
et al. (2013) found no racial differences in telomere length, however, Black adults with post high
school education had longer telomeres than White adults with or without post high school
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education. Thus, resources may be particularly beneficial to groups that are broadly considered
disadvantaged.

2.3

Theoretical Framework

2.3.1 Cumulative Inequality Theory
Under the overarching life course perspective, various theories of accumulation have
emerged. Two theoretical processes used by many gerontologists and health researchers to
explicate the health and longevity consequences of early life and cumulative adversity are the
stress proliferation process and the cumulative advantage/disadvantage process; both processes
emphasize the accumulation of risks, creating gaps in health and longevity. Thoits (2010) points
out a key difference between these two theoretical processes—the stress proliferation process
focuses on the health effects of a series of stress experiences at the individual level and cumulative
advantage/disadvantage draws attention to structural factors at the individual or aggregate level
in influencing health.

As a middle range theory integrating selected elements from each,

cumulative inequality (CI) theory bridges this micro-macro divide by highlighting the importance
of events and experiences within the context of structure as well as incorporating the role of agency
in mobilizing resources in shaping health trajectories (Ferraro and Shippee 2009). Moreover, CI
theory emphasizes the demographic and developmental processes that occur over time, shaping
health trajectories. This study is guided primarily by three axioms of cumulative inequality theory.
The first axiom states that “social systems generate inequality, which is manifested over
the life course through demographic and developmental processes” (Ferraro and Shippee 2009; p.
334).

Two key points from the first axiom are applicable to this research. First, early life

conditions set biopsychosocial process that influence later life health outcomes. Based on CI
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theory, one would expect early-onset and noxious adversity in childhood to result in shorter
telomeres in comparison to children who do not experience such adversity. An insult occurring
during a critical or sensitive period of growth and development may alter biological systems,
and/or prime a trajectory of exposure to further insults.
Second and somewhat reflective of stress proliferation (Pearlin et al. 2005), demographic
processes are shaped and maintained by social forces, and disadvantaged groups are likely exposed
to some social stressors early in life (also see axiom 2). Before children have much autonomy of
their own, their social status is reflective of their parent’s social status, and by nature of social
systems generating inequality, place some individuals at an early disadvantage. Thus, family
lineage—transmission of genes, behaviors, statuses, and environment—is integral for
understanding how inequality may be passed from generation to generation, impacting health and
longevity.
A second axiom of CI theory focuses on accumulation and the theory maintains that
disadvantage develops on multiple axes. As an example, a child who experiences abuse by a parent
may have difficulties in school, experience mental or physical health issues, and in turn may take
a toll on the family’s financial status. Thus, for research on childhood misfortune and adult health
and longevity, it is important to account for multiple domains of risk—accumulated misfortune.
Studies that investigate childhood misfortune and telomere length often include a count of various
adversities or one type of childhood misfortune (e.g., SES), but rarely account for several domains
of misfortune. Dose-responses and possible threshold effects are often reported in studies that
examine an overall count of misfortune (Felitti et al. 1998; Kiecolt-Glaser et al. 2011). However,
it is also worthwhile to investigate magnitude within domains of misfortune. Experiencing one
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infectious disease is likely much different than experiencing three or experiencing one form of
abuse (i.e., differences within and across domains).
Accumulation is further addressed in the third axiom. The theory draws attention to the
interplay of structure and agency, noting that the accumulation of risks and resources may shape a
life course trajectory, but agency and behavior can also redirect a trajectory through resource
activation (Ferraro and Shippee 2009). Some people see the need for a “course correction” and
seek to effect such a change. Others may exert less effort into redirecting their lives. Each of these
axioms is used to formulate hypotheses related to the effects of early and cumulative insults on
aging. Based on prior empirical evidence and guidance from cumulative inequality theory, I
propose the following hypotheses:
H1: Low socioeconomic status in childhood will be associated with shorter telomere length
in adulthood among men and women.
H2: Risky parental behaviors, a type of childhood misfortune, will be associated with
shorter telomere length in adulthood among men and women.
Based on past empirical studies and given that women live longer than men on average, I propose:
H3: The effect of childhood misfortune will be more consequential to adult telomere
length for men than women.
Based on cumulative inequality theory and empirical evidence suggesting that family lineage
(genetics, shared environments) plays a role in telomere length, I hypothesize:
H4: Parental longevity will be associated with longer telomeres.
In addition to examining these hypotheses, I also explore (1) potential differences in the
effects of childhood misfortune on telomere length by race and ethnicity and (2) the mediating or
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moderating role of adult socioeconomic and lifestyle factors in the relationship between childhood
misfortune and telomere length.

2.4

Sample Description

This study uses Wave 9 (2008) from the Health and Retirement Study (HRS), a multi-stage
area probability panel survey of adults 51 years of age and older with oversamples of Black adults,
Hispanic adults, and residents of the state of Florida (HRS 2017a). In 2008, roughly half of the
core HRS sample was selected for an Enhanced Face-to-Face Interview (EFTF), which along with
the core interview included saliva collection, yielding a consent rate of 85% (HRS 2013). The
present study uses the sample of adults with telomere data, who are age eligible (i.e., 51+ years of
age at their 2008 interview), and excludes those who used proxies for childhood misfortune
indicators (n=227) and individuals who reported non-Hispanic other race (n=118) resulting in an
analytic sample size of 5,336.

2.5

Measurement

2.5.1 Telomere Length
Saliva was collected via cheek swabs with the Oragene Collection Kit. Telomere length
from cells in saliva, primarily leukocytes and buccal cells, were measured using quantitative
polymerase chain reaction (qPCR). Average telomere length is reported as the ratio of the
respondent’s sample telomere sequence copy number (T) to a single-copy gene copy number (S).
The coefficient of variation (CV), or average standard deviation, was calculated based on three
pairs of T and S runs with an acceptable cutoff CV of 12.5% or less; CVs above 12.5% were re-
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assayed (HRS 2013). After examining outliers (Cook’s distance, DFFITs, and DFBETAs) and
following the work of Puterman and colleagues (2016), respondents with telomere length above 2
were treated as missing (n=266) 4 . The assay procedure was adapted from Cawthon’s (2002)
method and outlined in greater detail in HRS telomere data documentation (HRS 2013).
2.5.2 Childhood Misfortune
Drawing from theory and informed by previous studies, six domains of childhood
misfortune are constructed: socioeconomic (SES) disadvantage, risky parental behavior, infectious
diseases, chronic diseases, impairments, and risky adolescent behavior (Felitti et al. 1998; Ferraro
and Shippee 2009; Kemp et al. 2018; Morton et al. 2012). Multiple indicators are used for each
domain; each indicator is coded 1 if the respondent reported the condition or event before the age
of 18, and 0 otherwise. Each domain is created as a count of the dichotomous misfortune indicators
and top-coded at 2.
The SES domain is made up of four indicators: father’s education or mother’s if father’s
was unknown (1 for <8 years and 0 for 8+ years), perception of family finances (1 for poor, 0
otherwise), father’s occupation (non-skilled manual coded 1, 0 otherwise), and whether the
respondent ever moved due to financial difficulties. The risky parental behavior domain includes
three indicators: physical abuse by a parent, a parent with an alcohol or substance abuse issue, and
a parent or guardian who smoked. Risky adolescent behavior is comprised of four indicators:
depressive symptoms, other psychological problems, substance abuse, and trouble with the police.
Infectious diseases in childhood was measured with three indicators: chicken pox, measles,
and mumps. Chronic diseases in childhood consisted of the following conditions: asthma, diabetes,

4

These individuals were more likely to be Black, have higher body mass index, smoke more pack-years, have more
health conditions, and less likely to report their mother as living at least until the age of 80.
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respiratory disorder, seizures, migraines, stomach problems, allergies, heart disease, ear problems,
high blood pressure, and self-rated childhood health (poor or fair health coded as 1, 0 otherwise).
The childhood impairment domain consists of five indicators: head injury or trauma, disability for
6 months or more, vision impairment even with corrective lenses, speech impairment, and learning
problems.
2.5.3 Parental Longevity
Mother’s and father’s age (currently or at time of death) is taken from the RAND HRS data
file and dichotomously coded so that 85 years or greater is 1, 0 otherwise. Given the age of the
sample, parents of the respondents were likely born before the 1940s. Life expectancy at birth in
the 1940s was around 65-70 years (Lee and Carter 1992), thus the cutoff at age 85 is intended to
indicate notable longevity. Other cutoffs were tested; however, the cutoff at 85 years yields the
most useful information (See Appendix A, Table A.1 for AIC and BIC comparisons between
models with different cutoffs).
2.5.4 Adult Risks and Resources
Models adjust for adult risks and resources potentially related to telomere length.
Behaviors such as smoking, heavy alcohol consumption, and obesity are detrimental to health and
have been associated with shorter telomere length (Bendix et al. 2013; Cherkas et al. 2008; Du et
al. 2012; Needham et al. 2013). Alternatively, physical activity is associated with longer telomere
length (Cherkas et al. 2008; Du et al. 2012; Kim et al. 2012) and has been found to buffer the
association between chronic stress and telomere length (Puterman et al. 2010). The present study
adjusts for the following adult health lifestyle factors: smoking, heavy alcohol consumption, body
mass index (BMI), and physical activity. Smoking is assessed by pack-years—the total number
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of years smoked multiplied by the average packs of cigarettes smoked daily. Those who have
never smoked are coded as 0. Heavy alcohol drinking is coded as 1 for women who drink 4+
drinks per occasion or 5+ drinks per occasion for men (Dawson 2011). BMI is measured in kg/m2,
and bottom and top coded at 15 kg/m2 and 50 kg/m2, respectively. Physical activity is coded as 1
if the respondent reported exercising once or more per week, 0 otherwise. History of cancer,
depressive symptoms, BMI2, cognition score, number of diseases, type of health insurance, and
plate number of the telomere assays were included in preliminary models as additional covariates,
but excluded for parsimony as they did not alter the results.
Adult resources include education, wealth, and marital status. Among SES factors low
educational attainment has shown to be associated with shorter telomere length (Needham et al.
2013); however, other scholars report no association (Adams et al. 2007; Bendix et al. 2013).
Although few studies include a measure of wealth, presumably because of its difficulty to measure,
the Health and Retirement Study (HRS) asks an array of financial questions that RAND has used
to calculate a variable of wealth. Moreover, the HRS sample consists of adults over the age of 50
and therefore wealth is a more appropriate measure than some other SES measures such as income
or occupation. For the present study, education is measured in years and top coded at 17, and the
cube root of wealth is used to adjust for skewness (Tukey 1977).
Marital status has been considered health protective, especially for men (Umberson 1992).
Marital status is a 4-category nominal variable: married or partnered (reference), divorced or
separated, widowed, and never been married.
2.5.5 Demographics
Some studies reveal that women have longer telomeres than men, which may reflect
mortality differences by sex (Austad 2006; Cawthon et al. 2003). Given results from previous
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studies as well as morbidity and mortality differences by sex, the models are sex-stratified.
Although previous studies refer to sex differences in longevity and telomere length, the effect of
childhood misfortune on telomere length is likely to also vary by gender (hypothesis 3) rather than
innate sex differences alone. Therefore, gender is used hereafter.
The models also adjust for age which is closely linked with telomere length; as cells
replicate (i.e., over time and with age) telomeres shorten (Mather et al. 2011).

Although

comparisons of telomere length by race and ethnicity have been equivocal (Hunt et al. 2008; Diez
Roux et al. 2009), the models adjust for race and ethnicity: non-Hispanic White (reference), nonHispanic Black, and Hispanic adults. There are too few individuals who report non-Hispanic other
for meaningful analyses and were thus excluded from the sample (n=118).

2.6

Analysis

Preliminary analyses and descriptive statistics were conducted in Stata version 14. Final
estimates were obtained in Mplus version 7. Statistical estimation of telomere length is completed
with ordinary least squares regression.

Item-missing data for independent variables were

accounted for using maximum likelihood estimation with robust standard errors (Muthen and
Muthen 2007).5 Models adjust for the complex survey design of the HRS.
Analyses consist of a series of nested models stratified by sex. The first model includes
demographic characteristics, childhood misfortune domains, the indicators for parental longevity,
and adult SES factors. Marital status is added in Model 2. The full model (3) adds adult health

5

Independent variables with item-missing greater than 5% include: SES disadvantage domain (31.33%), risky parental

behavior domain (10.51%), chronic diseases domain (11.79%), adolescent risky behaviors domain (9.99%), and packyears smoked (6.16%).
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lifestyle factors. Multiple group analysis in Mplus was used to estimate the models by sex and
difference in coefficients were tested across models.

2.7

Results

Descriptive statistics for men and women are presented in Table 2.1; significant differences
by gender are italicized. The average telomere length among men is 1.264 (S.D. = 0.267) and
women is 1.299 (S.D. = 0.275). Of the sample, 11.8% of men and 14.7% of women are Black
adults and roughly 8.9% of men and 10.5% of women in the sample are Hispanic. The mean age
of the respondents is roughly 70 years. Men were more likely than women to report socioeconomic
disadvantage, impairments, and risky adolescent behavior and less likely to report risky parental
behavior, chronic diseases, and infectious diseases during childhood. Slightly over 30% of men
and women in the sample report mother’s age as 85 or over and roughly 20% report father’s age
as 85 or over.
Men have slightly higher education on average than women at 12.9 years and 12.4 years,
respectively. The average wealth for men and women respectively is $272,000 and $187,000.
Men are more likely to be married and less likely to be divorced or widowed than women. On
average, men have smoked more cigarettes per year, are more likely to participate in physical
activity, and are more likely to be heavy drinkers than women. Average BMI is slightly over 28
kg/m2.
2.7.1 Results for Men
Results for the multiple regression predicting telomere length among men are shown in
Table 2.2. As seen in Model 1, the telomeres of Black men are 0.070 units longer than those of
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White men. As expected, age is negatively associated with telomere length. Respondents whose
mothers lived at least until the age of 85 have longer telomeres than those whose mother did not
live until age 85. Experiencing one risky parental behavior during childhood is associated with
shorter telomeres by 0.039 units, and one risky adolescent behavior during childhood is associated
with shorter telomeres by 0.044 units relative to no misfortune in the respective domains.
The results are similar after including marital status in Model 2; however, the effect sizes
for risky parental behavior and risky adolescent behavior decreased slightly. In addition, men who
have never been married have longer telomeres than married men.
The full model (3) includes adult health lifestyle. The effect of risky parental behavior is
unchanged and significantly different for men and women (see Figure 2.1), offering partial support
for hypotheses 2 and 3. Risky adolescent behavior, however, is no longer significant. The effect
of never being married is slightly larger in Model 3 than Model 2. Counter to expectations, BMI
is positively associated with telomere length; each kg/m2 increase in BMI is associated with 0.004
unit increase in telomere length. Given that the reference gene copy is human beta-globin with a
length of 1,606 base pairs (HRS 2013; National Center for Biotechnology Information 2018), the
difference in one kg/m2 is roughly 6 base pairs. Moreover, it is estimated that human telomeres
shorten 24.8-27.7 base pairs per year (Shammas 2011), thus the biological age difference in
someone with a BMI of 22 and 27 (normal vs. overweight) is about 1.2 years and the difference
of someone with a BMI of 22 and 34 (normal vs. obese) is about 2.9 years.
BMI is tested as a potential mediator given that the effect of risky adolescent behavior is
no longer significant in Model 3. Findings suggest that 2 or more risky adolescent behaviors are
associated with lower BMI, and higher BMI is associated with longer telomeres. Thus, there is a
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negative indirect effect of 2 or more risky adolescent behaviors on telomere length for men. This
mediating effect is graphically summarized in Figure 2.2.
2.7.2 Results for Women
Model 1 in Table 2.3 shows the regression of telomere length on demographic factors,
parental longevity, childhood misfortune domains, and adult SES factors for women. Italicized
coefficients indicate significant differences between men and women (i.e., comparing Table 2.2
and 2.3 results, respectively). Black and Hispanic women have longer telomeres than White
women by 0.092 and 0.053 units, respectively. Similar to men, telomere length is negatively
associated with age and maternal longevity is associated with longer telomeres by 0.029 units.
Model 1 also reveals that none of the childhood misfortune indicators are associated with women’s
telomere length.
Model 2 in Table 2.3 adds marital status to Model 1. Results do not differ substantially
from Model 1. Model 3 includes adult health lifestyle. The net difference in telomere length by
race decreased slightly; 10% of the Black-White difference in telomere length in Model 3 was due
to adult health lifestyle. The effects of age, risky adolescent behavior, and mother’s longevity
remained relatively stable from Model 2. Among adult health lifestyle factors, the number of packyears smoked is negatively associated with telomere length—each additional pack of cigarettes a
woman smokes per year is associated with a 0.014 unit reduction in telomere length.
2.7.3 Childhood Misfortune Indicators
Given that one risky parental behavior was associated with shorter telomere length among
men in the fully adjusted model, but 2 or more behaviors in this domain was non-significant,
individual indicators for this domain were tested in the full model. Table 2.4 shows regression
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results from the fully adjusted model separating the three indicators of the risky parental behavior
domain (i.e., parental physical abuse, parental substance abuse, and parental smoking) rather than
as a count variable. None of the indicators for risky parental behavior domain were significant for
men. Women who reported a parent who abused substances during their childhood had shorter
telomeres by 0.042 units.
To further investigate the effect of risky parental behaviors on telomere length, adult
smoking was tested as a potential mediator between the risky parental behavior indicators and
telomere length. Parental smoking, although not directly related to telomere length, was indirectly
associated with shorter telomere length through adult smoking, as measured by pack-years, for
women (Figure 2.3). Adult smoking did not mediate the relation between parental substance abuse
and telomere length for women (Figure A.1, Appendix A). Given that smoking and substance
abuse are likely to be correlated and may be confounding, the mediation models were also tested
with one of the variables removed (i.e., parental smoking or parental substance abuse). The results
are similar to those seen in Figure 2.3 (see Figures A.2 and A.3 in Appendix A).
Given that one risky adolescent behavior was significant in Model 3 for men, the individual
indicators for this domain (i.e., childhood depression, other psychological issues, substance abuse,
and trouble with the police) were included in Model 3 in place of the count variable for the domain.
None of the individual indicators were significant (results not shown).
2.7.4 Variation by Race
To test whether the effect of each childhood misfortune domain varied by race, interaction
terms were created and tested as separate equations. Two interactions are notable. Black women
who experienced an impairment during childhood had longer telomeres than Black women who
experienced no childhood impairments (see Figure 2.4). In addition, Black women who reported
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two or more infectious diseases during childhood had longer telomeres than Black women who
experience no childhood infectious diseases (see Figure 2.5).
2.7.5 Sensitivity Analyses
Sensitivity analyses were conducted to examine the robustness of the results. Telomere
length was divided into sextiles and multinomial regression was estimated to compare the top
sextile to the bottom sextile of telomere length in the full model. Major conclusions are similar.
For instance, one risky parental behavior is associated with shorter telomeres in men. In addition,
mother’s longevity is associated with longer telomeres for women. However, this finding was not
observed among men (see Table A.2 in Appendix A).

2.8

Discussion

This study examines which types of childhood misfortune are associated with adult
telomere length, in what doses, and for whom. Three findings are noteworthy regarding the
association between childhood misfortune and adult telomere length. First, parental substance
abuse was directly associated with shorter telomeres among women even after adjusting for adult
health lifestyle. Parental drug abuse could have direct effects including abnormal growth and
alterations in brain structure if drug abuse occurred prenatally, or through altered neurobehavioral
effects through breast feeding or inhalation at young ages (Behnke and Smith 2013). The risky
environment and parenting associated with substance abuse may lead to neglect, maltreatment, or
development of maladaptive behaviors by the child with potentially long lasting effects (Behnke
and Smith 2013; Neger and Prinz 2015). The findings in this study add to these others, suggesting
that parental substance abuse influences biological aging of adult offspring.
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In addition to parental substance abuse, this study found that parental smoking was
indirectly associated with shorter telomeres among women, through adult smoking. Hill and
colleagues (2005) found that parental smoking influences smoking initiation. Moreover, the
finding that smoking was associated with shorter telomeres is consistent with other studies (Bendix
et al. 2013; Needham et al. 2013). This association was found only for women and not men,
potentially reflecting discrepant findings in the literature (Cassidy et al. 2010; Chan et al. 2010;
Mirabello et al. 2009).
Second, experiencing a risky parental behavior during childhood was associated with
shorter adult telomere length among men, offering partial support for hypothesis 2. Supplementary
analyses revealed that no single indicator was the driving force for the association. This suggests
variability in the biological impact of different stressors. For instance, an exposure to some event
or experience may or may not warrant a physiological change depending upon aspects of the
circumstances—duration, intensity, and access and activation of psychosocial resources to handle
the stressor.
Based on cumulative inequality theory, I anticipated that two or more risky parental
behaviors would be associated with an even greater reduction in telomere length than none or one
risky parental behavior. Whereas some research on life course vulnerability provides evidence of
U-shaped relationships (Seery, Holman, and Silver 2010), this study found that only one risky
parental behavior (and not two) was associated with shorter telomeres. Extensions of cumulative
inequality theory emphasize the importance of considering nonlinearities and thresholds in life
course studies (Ferraro and Morton 2018); however it is important to also consider human agency.
Whereas houseplants may die from being under watered or overwatered (a U-shaped relationship),
humans are much more complex.
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For instance, children are often socialized in such a way that their behaviors reflect their
parents (e.g., children are more likely to smoke if their parents smoke). However, an adolescent
or young adult who had a parent engage in many risky activities may actively avoid those same
behaviors or situations as an adult. This may be considered a limitation of current life course
studies—there are countless events and experiences that occur in several different biological,
social, environmental, and temporal contexts that all interact in distinct ways with an individual
and produce biological, psychological, and social responses, each of which have the potential to
influence the other. Perhaps theory could benefit from expanding upon other nonlinearities and
intergenerational transmission of—or resistance to—learned behaviors. Even in the midst of this
complexity, however, the association between risky parental behavior and adult telomere length
among men persists.
Third, risky adolescent behavior in childhood was associated with shorter telomere length
among men, but the direct relation was non-significant once adult health lifestyle factors were
included in the model, hinting at possible mediation. Findings from mediation analyses revealed
an overall negative indirect effect of risky adolescent behavior on telomere length via BMI for
men. Since the R2 is low for these models and there are relatively few men who report two or
more risky adolescent behaviors (n=22), this indirect association should be interpreted with care.
Studies examining BMI in relation to adult telomere length often reveal negative or null
associations (Carroll et al. 2013; Cherkas et al. 2008; Du et al. 2012; Valdes et al. 2005). These
studies, however, generally do not focus on older adults only. Although debate continues, higher
BMI (i.e., 25-30 kg/m2) is associated with lower mortality risk among older adults (Flegal et al.
2013). In addition, BMI may be considered a crude measure because visceral adiposity and waist
circumference are likely to vary substantially within one unit of BMI (Nazare et al. 2015).
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Nevertheless, perhaps men with higher BMI at older ages have a biological advantage that
translates to a longevity advantage despite issues associated with high BMI. Although no support
was found for hypothesis 1, the association between the two childhood misfortune domains (risky
parental and risky adolescent behavior) and adult telomere length among men offers support for
hypothesis 3.
Since the adults in this sample grew up during or prior to the Civil Rights Movement, it is
likely that experiencing disadvantage varied by race and ethnicity. Interaction terms between the
childhood misfortune domains and race and ethnicity were examined. Two unexpected findings
were revealed. Black women with one impairment in childhood as well as with two or more
infectious diseases had longer telomeres than those with no misfortune in the respective domains
relative to White women. Having an impairment during childhood may lead a child to be cautious,
either from self-motivated behavior or from a parent urging the child to be judicious. In any case,
growing up as a Black girl with an impairment before the 1960s potentially resulted in deliberate
behaviors and a way of coping with hardship that was beneficial to biological aging.
In a similar line of reasoning, having never experienced an infectious disease during
childhood prior to the 1960s 6 was uncommon and likely indicated that the child grew up
somewhere fairly isolated. Having an infectious disease is inherently related to social interaction
which may be seen as a resource or related to resources (i.e., child care). Therefore, socioeconomic
and other social resources may be related to infectious disease as well as longer telomeres.
Unfortunately, the sample size is too small to examine childhood socioeconomic differences in
infectious diseases among Black women. This finding also is consistent with the acquired
immunity thesis whereby early infections boost immunity to protect from infections in later life

6

Measles, mumps, and rubella vaccines were made available in the early 1960s and combined in 1971, forming the
commonly known measles-mumps-rubella (MMR) vaccine (Stokes et al. 1971).
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(Preston et al. 1998). Whatever the case, these findings highlight the importance of examining
racial variation in the early origins of health and call for further investigation while also being
mindful of possible hormetic effects.
Perhaps equally as integral to this study and studies on the early origins of adult health is
the association between maternal longevity and telomere length. Given that longevity is partly
heritable and telomere length has been associated with premature mortality (Cawthon et al. 2003;
Christensen, Johnson, and Vaupel 2006), it was expected that parental longevity would be related
to telomere length (hypothesis 4). Few studies have examined the association between parental
longevity and adult telomere length. In a study of Amish families, paternal longevity was weakly
correlated with daughter’s telomere length (Njajou et al. 2007).
The finding in this study that maternal longevity is related to telomere length suggests that
mothers of respondents who live at least until the age of 85 pass down genetic information and/or
learned behaviors that are protective to their child in adulthood. This finding persists after
adjusting for other heritable factors such as demographic characteristics as well as adult
characteristics indicating that mothers who live to advanced ages may be a resource for their adult
child’s biological health and aging, somewhat reflective of a mother or grandmother effect
(Lahdenperä et al. 2004). Whereas much research on the early origins of health focuses on
intergenerational transmission of genes and resources during a particular time in the life course, it
is perhaps theoretically important to also examine intergenerational transmission of different types
of risks and resources that occur throughout or at different points of the life course.
These findings should be interpreted in light of the following study limitations. First, recall
bias is a potential issue in all studies that use retrospective data. To address this issue, measures
associated with recall bias such as adult socioeconomic resources were included in the models
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(Vuolo et al. 2014). In addition, models adjusting for cognition score were estimated and did not
alter conclusions.
Second, the results from this study may not be easily compared to other telomere length
studies that use a different measure—telomere length measured from blood samples compared to
telomere length measured from saliva. Three points should be noted, however: (1) each type of
sample (i.e., blood and saliva) is composed of multiple cell types and an average telomere length
across cells represents a more global measure; (2) the inter-individual variability in telomere length
is much greater than the variability in telomere length from different somatic cell types within an
individual (Kimura et al. 2010); (3) telomere samples from saliva and from blood reveal similar
results in studies that investigate the effect of childhood stress (Drury et al. 2012; Drury et al. 2014;
Mitchell et al. 2014; Theall et al. 2013).
Third, the variance explained in the models is low, indicating that other variables associated
with telomere length have been omitted. Another study using the Health and Retirement Study
also reported low R2 values (Brown et al. 2017), yet many studies do not report R2 values or report
bivariate correlations only (Epel et al. 2004; Puterman et al. 2016). More research is needed to
examine other potential biological and psychosocial factors related to telomere length. Whatever
the case, the literature will benefit from reporting R2 values.
Despite these limitations, this study advances the literature in four main ways. First, this
study investigates the influence of multiple domains of misfortune on telomere length. Puterman
and colleagues (2016) explored the effect of individual indicators of childhood misfortune as well
as a count of misfortunes, yet they included multiple types of misfortune in their domain. Although
a count variable is useful, a better understanding of what types of misfortunes, or domains, are
detrimental to health and aging enables researchers to direct prevention and intervention efforts.
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Moreover, the finding that any one risky adolescent behavior, but no specific indicator
within the domain of risky adolescent behavior is associated with telomere length hints at the
importance of domains. Risky behaviors in childhood may be viewed as coping mechanisms and
not all children will cope the same way—there is likely variability among the risky ‘behaviors’ in
which the child partakes. In other words, children partake in many different behaviors and any
one behavior will activate the domain whereas single indicators have less power as they are
specific to a subset of children who partook in that specific behavior.
Second, the findings reveal the utility of parental longevity as an indicator for genetic
information as well as early life environmental factors, both of which may influence aging and
longevity. Therefore, parental longevity acts as an indicator of heritable information not captured
by demographic characteristics or childhood circumstances and experiences. Other studies have
examined parental age at birth as an indicator of the robustness of the gamete and achieved social
status; however, there are few studies that examine the role of parental longevity in relation to
adult telomere length. In a study of Amish families, Njajou and colleagues (2007) found that
daughter’s telomere length was positively correlated with father’s lifespan. The authors reported
no sex differences in telomere length and no sex differences in life span, common to Amish
families.
Third, given the evidence of sex differences in health, aging, longevity, as well as telomere
length, this study stratified the models by gender revealing significant differences among men and
women that would not have been discovered otherwise. In a preliminary model of the full sample
(i.e., men and women combined; not shown), no childhood misfortune domains were significantly
associated with telomere length.
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Fourth, this study is one of the few to examine racial and ethnic variation in the effect of
childhood insults on later life health and aging. In detailing areas of research for advancing racial
health disparity research, Ferraro and colleagues (2017) describe greater use of life course analysis
is needed, arguing: “relatively little attention has been given to racial and ethnic differences in the
processes linking early-life exposures to later-life health outcomes” (p. 4). The unexpected
findings of childhood misfortune as seemingly protective to Black women’s biological age further
illuminates the need for additional research on racial and ethnic variation in the consequences of
childhood misfortune.
This study found that childhood misfortune is associated with telomere length, yet
distinctly by gender and race. Moreover, childhood misfortune may be directly or indirectly
related to telomeres through adult health lifestyles. In order to assess the utility of telomere length
as a biomarker, however, more research is needed to connect early life stressors to telomere length
and telomere length to premature aging. Thus, a needed line of research is to examine telomere
length as a mediator between early life insults and premature mortality.
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Table 2.1 Descriptive Statistics from the Health and Retirement Study by Gender
Men (n=2,119)
Range
Mean
S.D.a
0.231-1.996 1.264
0.267

Telomere Length
Demographics
Non-Hispanic Black
0,1
0.118
Non-Hispanic White
0,1
0.794
Hispanic
0,1
0.089
Age
54-97
69.868
Childhood Misfortune
SESb Disadvantage
0-2
1.106
Risky Parental Behavior
0-2
0.860
Chronic Disease
0-2
0.413
Infectious Disease
0-2
1.677
Impairment
0-2
0.268
Risky Adolescent Behavior
0-2
0.134
Parental Longevity
Mom Age 85+
0,1
0.341
Dad Age 85+
0,1
0.204
Adult SES Factors
Education
0-17
12.906
c
Wealth
-8.193-26.399 6.482
Marital Status
Married
0,1
0.795
Divorced/Separated
0,1
0.089
Widowed
0,1
0.083
Never Married
0,1
0.028
Adult Health Lifestyle
Pack-Years Smokingd
0-16.941
3.242
Heavy Drinking
0,1
0.036
Physical Activity
0,1
0.321
Body Mass Index
16.2-50
28.176
a

b

9.452

0,1
0,1
0,1
54-100

0.147
0.749
0.105
69.104

9.991

0.831
0.644
0.655
0.642
0.529
0.372

0-2
0-2
0-2
0-2
0-2
0-2

1.104
0.878
0.516
1.746
0.184
0.067

0.806
0.680
0.738
0.545
0.441
0.292

0,1
0,1

0.327
0.202

3.329
3.954

3.298

4.973
c

Women (n=3,217)
Range
Mean
S.D.
0.229-1.999
1.299
0.275

0-17
12.359
-8.193-33.337 5.720
0,1
0,1
0,1
0,1

0.548
0.140
0.281
0.031

0-13.528
0,1
0,1
15-50

1.917
0.014
0.248
28.226
d

3.047
3.907

2.678

6.253

S.D. is standard deviation; SES is socioeconomic status; Cube root of wealth in 1,000s; Square root transformed

Notes: Italics indicate significant analysis of variance (ANOVA) or χ 2 tests between men and women.
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Table 2.2 Childhood Misfortune Predicting Telomere Length for Men (n=2,119)

Demographics
Black
Hispanic
Age
Parental Longevity
Mom Age 85+
Dad Age 85+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Chronic Disease
2+ Chronic Diseases
1 Infectious Disease
2+ Infectious Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors
Adult SES Factors
Education
Wealth
Marital Status (ref. is married)
Divorced/Separated
Widowed
Never Married
Adult Health Lifestyle
Pack-Years Smoking
Heavy Drinking
Physical Activity
Body Mass Index
2
R
a

Model 1
Coef.a
S.E.b

Model 2
Coef.
S.E.

Model 3
Coef.
S.E.

0.070** 0.024
0.043
0.027
-0.004*** 0.001

0.070** 0.024
0.043
0.026
-0.004*** 0.001

0.069** 0.024
0.042
0.026
-0.003*** 0.001

0.021*
-0.009

0.010
0.014

0.021*
-0.008

0.010
0.014

0.020*
-0.008

0.010
0.014

-0.011
-0.010
-0.039**
-0.007
-0.006
-0.036
0.025
0.006
-0.006
0.042
-0.044*
-0.053

0.019
0.017
0.015
0.023
0.012
0.021
0.027
0.020
0.015
0.024
0.021
0.034

-0.011
-0.010
-0.037*
-0.006
-0.007
-0.036
0.029
0.009
-0.006
0.043
-0.043*
-0.063

0.019
0.017
0.015
0.023
0.013
0.021
0.028
0.020
0.015
0.024
0.021
0.033

-0.016
-0.014
-0.037*
-0.003
-0.006
-0.034
0.032
0.011
-0.007
0.038
-0.042
-0.047

0.019
0.017
0.014
0.023
0.012
0.021
0.028
0.020
0.016
0.024
0.022
0.033

0.002
0.002

0.002
0.002

0.002
0.002

0.002
0.002

0.002
0.002

-0.014
-0.003
0.068*

0.024
0.020
0.032

-0.009
-0.002
0.074*

0.024
0.019
0.032

-0.002
0.008
0.001
0.004***
0.045

0.002
0.042
0.012
0.001

0.002
0.002

0.037

0.039

b

Coef. is coefficient; S.E. is standard error

*p<0.05; **p<0.01; p***<0.001
Note: Italicized coefficients indicate significant differences by gender.
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Table 2.3 Childhood Misfortune Predicting Telomere Length for Women (n=3,217)

Demographics
Black
Hispanic
Age
Parental Longevity
Mom Age 85+
Dad Age 85+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Chronic Disease
2+ Chronic Diseases
1 Infectious Disease
2+ Infectious Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors
Adult SES Factors
Education
Wealth
Marital Status (ref. is married)
Divorced/Separated
Widowed
Never Married
Adult Health Lifestyle
Pack-Years Smoking
Heavy Drinking
Physical Activity
Body Mass Index
2
R
a

Model 1
Coef.a S.E.b

Model 2
Coef.
S.E.

Model 3
Coef.
S.E.

0.092*** 0.016
0.053* 0.022
-0.004*** 0.000

0.090*** 0.016
0.053*
0.022
-0.004*** 0.001

0.081*** 0.015
0.036
0.021
-0.004*** 0.001

0.028*
0.010

0.012
0.010

0.029*
0.010

0.012
0.010

0.030**
0.009

0.011
0.010

0.005
-0.006
0.010
-0.027
0.005
0.002
-0.016
-0.021
0.002
0.044
0.041
-0.003

0.015
0.016
0.012
0.014
0.015
0.015
0.022
0.024
0.014
0.031
0.025
0.043

0.006
-0.005
0.011
-0.027
0.005
0.002
-0.017
-0.021
0.003
0.042
0.040
-0.005

0.015
0.016
0.012
0.014
0.015
0.015
0.022
0.024
0.014
0.031
0.024
0.042

0.001
-0.009
0.016
-0.014
0.006
0.002
-0.019
-0.022
0.007
0.046
0.043
0.006

0.015
0.016
0.012
0.014
0.015
0.015
0.021
0.024
0.014
0.032
0.025
0.042

-0.001
0.002

0.002
0.002

-0.001
0.002

0.002
0.002

-0.002
0.002

0.002
0.002

-0.004
-0.007
0.040

0.013
0.015
0.028

0.005
-0.006
0.042

0.013
0.015
0.027

-0.014***
0.002
-0.001
0.000
0.061

0.002
0.044
0.011
0.001

0.046

0.047

b

Coef. is coefficient; S.E. is standard error

*p<0.05; **p<0.01; p***<0.001
Note: Italicized coefficients indicate significant differences by gender.
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Table 2.4 Indicators in the Risky Parental Behavior Domain Predicting Telomere Length for Men
and Women
Men
Coef.
Risky Parental Behavior Indicators
Physical Abuse
Substance Abuse
Smoking
2
R
a

a

-0.034
0.024
-0.022
0.043

S.E.

b

0.023
0.016
0.012

Women
Coef.
S.E.
-0.016
-0.042**
0.020
0.064

Coef. is coefficient; bS.E. is standard error

**p<0.01
Note: Italicized coefficients indicate significant differences by sex. All 3 models are fully adjusted.

0.016
0.016
0.011
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Predicted Telomere Lenth

1.3
1.29
1.28
1.27
1.26
1.25

*

1.24
1.23
1.22

0 Risky Parental
Behaviors

1 Risky Parental
Behavior
Men

2+ Risky Parental
Behaviors

Women

Figure 2.1 The Effect of Risky Parental Behavior on Telomere Length for Men and Women.
The p-value displayed indicates a significant difference between 0 and 1 risky parental behaviors
for men. There is also a significant difference in the effect of 1 risky parental behavior for men
and women (p<0.01).
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1 Risky
Adolescent

-0.042
0.315

Adult
-2.242 *

BMI

2+ Risky
Adolescent

0.004***

Adult
Telomere
Length

-0.047

Figure 2.2 The Indirect Effect of Risky Adolescent Behavior on Telomere Length through Adult
BMI for Men.
Notes: Indirect effect of 1 risky adolescent behavior = 0.001; Indirect effect of 2+ risky adolescent
behaviors = -0.010*. Unstandardized coefficients are displayed. Model is fully adjusted. *p≤0.05;
p***<0.001
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Adult
0.263**

Pack-Years

Parent
Smoked

-0.014***

Adult
0.020

Telomere

Figure 2.3 The Indirect Effect of Parental Smoking on Telomere Length through Adult Pack-years
Smoked for Women.
Notes: Indirect effect = -0.006*. Unstandardized coefficients are displayed. Model is fully adjusted.
**p<0.01; p***<0.001
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1.55

Predicted Telomere Length

1.5
1.45

*

1.4
1.35
1.3
1.25
1.2
1.15

White
0 Impairments

Black
1 Impairment

Hispanic
2+ Impairments

Figure 2.4 Race/Ethnicity Moderating the Effect of Childhood Impairments on Telomere Length
among Women.
Notes: Displayed p-value indicates significant differences between 0 and 1 childhood impairment
for Black women. The effect of 1 childhood impairment is also different for men and women
(p<0.05). *p<0.05
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1.4

*

Predicted Telomere Length

1.38
1.36
1.34
1.32
1.3
1.28
1.26
1.24
1.22

White
0 Infectious Diseases

Black
1 Infectious Disease

Hispanic
2+ Infectious Diseases

Figure 2.5 Race/Ethnicity Moderating the Effect of Childhood Infectious Diseases on Telomere
Length among Women.
Notes: Displayed p-value indicates significant differences between 0 and 2+ childhood infectious
diseases for Black women. The effect of 2+ childhood infectious diseases is also different for men
and women (p<0.05). *p<0.05
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CHAPTER 3.
DO EARLY LIFE EXPOSURES AND PERCEPTIONS OF
AGING INCREASE ALL-CAUSE AND CARDIOVASCULAR
MORTALITY RISK AMONG OLDER ADULTS?

3.1

Introduction

Over the last few decades, studies have demonstrated that harsh conditions experienced
early in life raise the risk of a host of adult health outcomes, many of which are leading causes of
death among older adults. Perhaps most striking is evidence suggesting that early life events and
experiences increase the risk of all-cause death (Chen et al. 2016; Kilpi et al. 2017).
Socioeconomic disadvantage, maltreatment, and family structure (e.g., living in a single parent
household) have been linked to premature mortality among adults (respectively: Beebe-Dimer
2004; Chen et al. 2016; Kang et al. 2016). However, several of these studies do not examine
mortality risk among older adults (i.e., ages 50-100) which would shed light on the long-term and
latent health burden of early disadvantage, or as some scholars refer to as the “long arm” of
childhood misfortune (Hayward and Gorman 2004). Deaths, even from the same cause (e.g.,
cardiovascular disease), likely have different etiologies for young adults in comparison to older
adults (e.g., drug overdose or congenital diseases vs. atherosclerosis 7). Also, these studies either
do not distinguish between different types of misfortune or fail to account for other potentially
related childhood exposures such as health or impairments (Brown et al. 2009; Pudrovska and
Anikputa 2012).
This study adds to the literature on the early origins of premature mortality by examining
the association between several types of childhood exposures and all-cause as well as

7

Atherosclerosis is a disease characterized by plaque build-up in the arteries. This occurs over time; narrowing and
hardening of arteries causes stress on the heart and increasing the risk of heart attack or stroke.
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cardiovascular mortality in a nationally representative sample of adults over the age of 50. This
study has four main aims. The first aim is to identify what types of childhood exposures are
associated with all-cause and cardiovascular mortality among older adults. Whereas researchers
often focus on one type of misfortune during childhood, this study investigates the influence of six
domains of childhood exposures on premature mortality among older adults. As several scholars
have noted, socioeconomic status and health during childhood are closely related and should both
be accounted for in studies of adult health and mortality (Cohen et al. 2010; Preston and Taubman
1994). In addition to socioeconomic status and health during childhood, risky parental behavior,
risky adolescent behavior, and impairments are also examined.
Second, given that Black and Hispanic children have worse health, lower socioeconomic
status, and experience more traumatic events on average than White children (Andrews et al. 2015;
Flores and Tomany-Korman 2008), and racial and ethnic gaps in adult health remain wide
(National Center for Health Statistics 2016), this study investigates potential racial and ethnic
variation in the association between childhood exposures and mortality risk. Although some
research examines subsamples of adults, few studies have given attention to racial and ethnic
differences in the effect of early life conditions on adult mortality (e.g., Juon et al. 2003).
Third, this study examines the utility of parental longevity as a marker of family lineage,
tapping shared environments and genetic information as well as potential resources in adulthood.
Parents who live to advanced ages likely pass down health behaviors and genetic information, and
may be a source of support (e.g., social, emotional, financial) for their adult child in ways that are
beneficial to their child’s health. Whereas some studies report a link between parental age at death
and offspring mortality, others find no association (van Doorn and Kasl 1998; Dutta et al. 2013).
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Fourth, this study investigates the association between perceptions of aging, as measured
by subjective life expectancy, and all-cause mortality as well as cardiovascular mortality.
Although studies suggest that subjective life expectancy is congruent with all-cause mortality
probabilities (Hurd and McGarry 2002), this study narrows in on a more specific set of causes of
death—those related to cardiovascular diseases—and anticipates a strong relationship given that
several cardiovascular issues have genetic, social, and lifestyle components that are likely known
to the individual. Moreover, Schafer and colleagues (2011) found that childhood adversities may
positively influence the perceptions of future trajectories. Thus, this study asks: do subjective
evaluations of life expectancy correspond to mortality risk even when adjusting for childhood
exposures?
Each of these four aims is discussed in further detail in the next section. Cumulative
inequality (CI) theory is applied to each of the topics discussed and used to guide the research
questions advancing this study. CI theory offers an interdisciplinary approach to the study of aging
and emphasizes life course trajectories and intergenerational processes that shape aging and
mortality.

3.2

Background

3.2.1 Early Life Predictors of Premature Mortality in Adulthood
CI theory privileges childhood is a sensitive time of development when exposures may
have pronounced long-term influence (Ferraro and Shippee 2009). There are several domains in
life which risks may develop, and diffusion across domains may occur. Therefore, it is important
to monitor multiple domains of exposures (Ferraro and Shippee 2009). However, several studies
focus on one particular type of childhood exposure and as Ferraro and colleagues note “failure to
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consider related negative exposures may overestimate the effect of a single domain studied”
(Ferraro et al. 2016, p. 110).
Given the strong link between adult socioeconomic status (SES) and mortality, it is not
surprising that childhood SES has emerged in the literature as perhaps the most salient predictor
of premature all-cause and cardiovascular disease mortality (for reviews of childhood SES and
mortality, see Cohen et al. 2010; Galobardes, Lynch, and Smith 2004, 2008). Although some
studies find no evidence that parental SES is associated with mortality, these studies are generally
comprised of relatively homogeneous samples (Schwartz et al. 1995; Smith et al. 2009). More
commonly researchers find that childhood socioeconomic factors such as low parental education
and father’s unskilled occupation are linked to greater mortality risk during adulthood, and the risk
is often attenuated at least partially by adult socioeconomic characteristics and health lifestyle
(Beebe-Dimer et al. 2004; Hayward and Gorman 2004; Kilpi et al. 2017; Pudrovska and Anikputa
2012).
Cohen and colleagues (2010) argue that many studies that focus on childhood SES fail to
include childhood health, which may actually be the driving force behind poor adult health and
mortality. Indeed, childhood health has been a predictor of poor self-rated health, disability, and
having a chronic condition in adulthood even after adjusting for childhood and adult SES factors
(Haas 2007). Moreover, scholars suggest differentiating between infectious and non-infectious
diseases as they have different etiologies and may influence adult health in distinct ways
(Blackwell et al. 2001). For instance, childhood chronic diseases have been associated with allcause cancer prevalence (Blackwell et al. 2001), prostate cancer prevalence (Kemp et al. 2018),
and all-cause mortality among men (Kelly-Irving et al. 2013). The association of childhood
infectious diseases on adult health is less clear.
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Some studies report that childhood infectious diseases increase the odds of adult lung
conditions in the U.S. (Blackwell et al. 2001) and in 19th century Sweden (Bengtsson and Brostrom
2009), studies reveal that high infant mortality rate, presumably due to infectious disease outbreaks,
was associated with adult mortality. However, childhood infectious diseases have also been linked
to reduced odds of colon cancer (Kemp et al. 2018) and increased hand-grip strength among older
adults (Smith et al. 2016). There are two main reasons for the inconsistent findings. First,
advances in hygiene, technology, and comprehensive vaccination have controlled or eradicated
infectious diseases such as those examined in the studies by Bengtsson et al. (2009) and Blackwell
et al. (2001) (e.g., scarlet fever and whooping cough). Second, diet, hygiene, and medical
knowledge even prior to specific vaccines made historically more recent infectious diseases such
as chicken pox manageable. Thus, instead of leaving long-lasting damage, the immune system is
potentially able to adapt by offering lifelong immunological protection, often referred to as
acquired immunity (Preston et al. 1998). Nevertheless, the type of childhood health condition and
the context in which it is measured should be considered carefully when examining the early
origins of adult morbidity and mortality.
Fewer studies examine the influence of more severe cases of childhood adversity such as
abuse and trauma on adult mortality. In a national sample of adults using a follow-up period of 20
years, Chen and colleagues (2016) found evidence that emotional, moderate physical, and severe
physical abuse increased the risk of all-cause mortality among women only. Many other studies
add childhood insults across domains in order to explore cumulative effects of adversity. This
summed score, referred to as an ACE (adverse childhood experience) score approach, is often
comprised of events and experiences such as abuse, neglect, and living in a risky household
characterized offenders, mental illness, or alcohol abuse. Among these studies, an increasing
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adversity score is associated with higher risk of mortality (Bellis et al. 2015; Brown et al. 2009;
Kelly-Irving et al. 2013).
CI theory also gives attention to different forms of accumulation and non-linear effects
including thresholds effects and U-shape relationships. However, in accordance with CI theory,
there are two main drawbacks to summing several types of adversity together as researchers have
commonly done with the ACE score approach. First, understanding which types, or clusters, of
exposures are associated with morbidity and mortality will help direct prevention and intervention
efforts. Second, some types of childhood exposures may have positive effects if they lead to
biological, psychological, or social adaptation. In the example of acquired immunity, the effects
of infectious diseases and chronic diseases may cancel each other out if added together in one
domain (Blackwell et al. 2001). Taken together, examining non-linear associations among several
domains is perhaps more practical than investigating non-linear associations between a sum of
several types of exposures and an outcome.
Among other types of childhood exposures, studies that consider childhood behavior,
mental health, and impairments in influencing premature adult mortality are perhaps most
uncommon. Maughan and colleagues (2014) assessed the association between adolescent conduct
problems and premature mortality up to the age of 65. Whereas other studies tend to focus on
deaths in early adulthood related to unnatural or substance abuse issues, the authors found that
conduct problems were related to increased all-cause and cancer mortality during adulthood. In
addition, childhood impairments such as disability have been associated with higher cancer
prevalence as well as all-cause mortality for men (respectively, Kemp et al. 2018; Kelly-Irving et
al. 2013). Taken together, these studies on childhood exposures and premature adult mortality
suggest value in examining domains of exposures as well as their additive effects.
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3.2.2 Influence of Family Lineage on Adult Mortality
In addition to life course exposures, there is a notable influence of family lineage on
premature adult mortality, suggestive of the joint effects of genes and environment. CI theory
maintains that family lineage is critical to understanding accumulation of misfortune as it
underscores intergenerational transmission of genetic information as well shared living
environments (Ferraro and Shippee 2009). Several studies find that individuals whose parents
reach advanced ages also have lower risk of mortality than those whose parents die at younger
ages (Dutta et al. 2013; Vågerö, Aronsson, and Modin 2018). Although a link between parental
and offspring mortality may be partially attributable to shared genetic factors, there is compelling
evidence that shared environments, learned behaviors, resources, and epigenetic factors likely play
a more substantial role in the link between parental and offspring longevity (Smith et al. 2009;
Vågerö et al. 2018).
Vågerö and colleagues (2018) found a modest influence of parents’ longevity on their
children’s long term mortality, distinct from the social class of the parents and individual’s own
social class trajectory. Given their findings, the authors conclude that the link between parental
longevity and offspring mortality is likely due to epigenetic factors and culturally transmissible
traits. Thus, parental longevity can be thought of as a summary measure of family lineage, tapping
into shared genes, environments, and learned behaviors that are passed intergenerationally.
Despite evidence of the link between parental longevity and offspring mortality, some
studies report no link and with few exceptions, do not examine more specific causes of death such
as death associated with cardiovascular disease (respectively, van Doorn and Kasl 1998; Ikeda et
al. 2006). This study addresses these issues by examining the relationship between parental
longevity and all-cause as well as cardiovascular mortality.
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3.2.3 Subjective Life Expectancy and Mortality
In his study investigating how accurate individuals are at estimating their own mortality,
Mirowsky (1999) noted that “Americans seem to understand roughly how much time they
probably have left” (p. 977). It is likely that individuals are able to report good estimates based
on their knowledge of family lineage, their own health and health behaviors, and stressors and
resources to deal with stressors. For instance, studies have shown that parental longevity is
predictive of subjective life expectancy, potentially operating through biological and
psychological mechanisms (Hurd and McGarry 2002).
Although several studies have examined the association between perceived life expectancy
and mortality, few have done so within a theoretical framework, which would aid in explaining
how perceptions are formed and how they may be associated with health outcomes (Hurd and
McGarry 2002; Perozek 2008; van Doorn, and Kasl 1998). CI theory maintains that individuals
try to make sense of their life and perceptions of life course trajectories may be influenced by and
even contribute to cumulative inequality (Ferraro and Shippee 2009; Schafer et al. 2011).
Schafer and colleagues (2011) expand upon CI theory in describing the reflective self
whereby individuals evaluate their past, and prospective self in which individuals envision their
future. They highlight childhood as a springboard, stating “childhood adversity is not wiped clean
with the progression of time, but its influence continues through life evaluations, including via its
grip on early life evaluations” (Schafer et al. 2011, p. 1081). To further expand, this study found
that those who experienced childhood adversity were more likely to report favorable expectations
for their future, yet their life evaluations in the future fall short of the expectations they held
(Schafer et al. 2011). Stated differently, childhood adversity is linked to a positive outlook on
future life trajectories, however, those expectations are not actualized. Thus, past events such as
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childhood exposures are evaluated and incorporated into one’s life story and understanding of the
current self (Schafer et al. 2011).
Moreover, some studies report that subjective life expectancy is associated with mortality
risk independent of self-rated health (Siegel, Bradley, and Kasl 2003). This suggests that
individuals include more than health information in their calculations of subjective life expectancy
which also influences mortality risk. Therefore, not only are health-related indicators, such as
parental longevity and new health conditions, associated with the link between subjective life
expectancy and mortality (Denes-Raj and Ehrlichman 1991; Hurd and McGarry 2002), but other
events and experiences are likely accounted for, such as early life exposures, in predicting
mortality.
3.2.4 Race and Ethnicity
Although the racial gap in all-cause mortality has shrunk in recent years, Black adults have
higher rates of cardiovascular and cancer mortality, and lower life expectancy at birth than White
adults (Cunningham et al. 2017; National Center for Health Statistics 2016; Sidney et al. 2016;
Singh and Jemal 2017). The disparity in health and mortality among Black and White adults is
often attributed to poverty, health hazards, health behaviors, limited access to medical care, racism,
and perceived discrimination (Ferraro et al. 2017; Phelan and Link 2015). In contrast, despite
relatively low socioeconomic status compared to White adults, Hispanic adults’ mortality
estimates are generally more favorable, a phenomenon referred to as the Hispanic paradox (Lariscy,
Hummer, and Hayward 2015). However, this health advantage decreases with longer tenure in the
U.S. and over generations (Ferraro et al. 2017).
Health disparities, specifically between Black and White adults, are at least partially due
to structural inequalities that allot advantages to some individuals and create barriers for others
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(Phelan and Link 2015). As CI theory states, advantage and disadvantage begin early in life and
accumulate over the life course, increasing exposure to opportunity or risk, respectively (Ferraro
and Shippee 2009). Thus, it is important to consider childhood events and experiences when
explicating how health disparities unfold over the life course. Indeed, racial inequality exists in
many forms early in life. Black children and adolescents (aged 2-19) have higher prevalence of
obesity (National Center for Health Statistics 2016; Flores and Tomany-Korman 2008), experience
more traumatic events on average (Andrews et al. 2015), are more likely to report health as not
excellent or very good, and have lower SES on average than White children (Flores and TomanyKorman 2008).
Although it may be argued that many misfortunes experienced in childhood have SES roots,
part of the racial inequality is likely due to factors other than SES; Black and Hispanic children
may experience additional burdens related to racism and discrimination, potentially making these
individuals even more vulnerable to the effects of early life misfortune (Phelan and Link 2015).
Therefore, it is worthwhile to examine how early life exposures might shape mortality differently
for Black, White, and Hispanic adults.

3.3

Research Questions

Drawing from CI theory and past research, I propose the following research questions and
hypotheses. First, I ask: what types of childhood exposures are associated with mortality risk?
Based on literature examining the early social origins of premature adult mortality as well as
guidance from CI theory, I hypothesize the following:
H1: Childhood socioeconomic disadvantage will increase the risk of all-cause and
cardiovascular disease mortality.
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H2: Risky parental behaviors will increase the risk of all-cause mortality.
H3: Childhood infectious diseases will decrease the risk of all-cause mortality.
Second, I ask whether parental longevity is associated with all-cause and cardiovascular mortality.
Based on CI theory and prior research, I anticipate that:
H4: Parental longevity will be associated with a reduced risk of all-cause and
cardiovascular mortality.
Third, I ask: is subjective life expectancy associated with all-cause and cardiovascular mortality?
Based on CI theory and prior research, I hypothesize:
H5: Subjective life expectancy will be negatively associated with all-cause and
cardiovascular mortality.
In addition to these questions, I also ask whether the effect of childhood exposures on allcause and cardiovascular mortality varies by race or ethnicity. Given the lack of research on
variation by race and ethnicity in the early origins of health literature and the unexpected findings
from Chapter 2, I do not propose any specific hypotheses. Figures 3.1 and 3.2 visually represent
the anticipated associations with all-cause and cardiovascular mortality, respectively.

3.4

Method

3.4.1 Sample Description
This study uses six waves of data (2004-2014) from the Health and Retirement Study
(HRS), a probability panel survey of adults 51 years of age and older (HRS 2017a). The HRS
began in 1992, conducts core interviews every two years, and replenishes the sample every six
years. The HRS oversamples Black adults, Hispanic adults, and residents of the state of Florida
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making it one of the largest representative panel surveys of older adults. Response rates for the
six waves of core data between 2004 and 2014 have been at least 81% (HRS 2017b).
The analytic sample for this study is comprised of respondents at least the age of 51 at the
time of their 2004 interview and who did not use a proxy for childhood misfortune variables. There
were not enough respondents who reported other race and non-Hispanic for meaningful analyses,
thus they were excluded (n=317). Respondents with cognition scores more than two standard
deviations below the mean also were excluded (n=502)8, for an analytic sample size of 13,470.
3.4.2 Measurement
3.4.2.1 Premature Mortality
All-cause mortality was confirmed by the National Death Index matches from 2004-2014.
As shown in Table 3.1, about 18% of the eligible respondents died by 2014. Cardiovascular
mortality was taken from the National Death Index cause of death reports through 2012, and
information for 2012-2014 was taken from exit surveys. Since exit survey data was masked,
cardiovascular mortality is measured as any mortality due to heart, circulatory, or blood conditions.
About one-third of the deaths observed were due to cardiovascular disease. Survival time for
decedents was measured in months and censored at death or the last interview date. For those
whose month of death was unknown, the month halfway between their last interview month and
the following interview year was used.

8

A cognition score was created based on the sum of immediate and delayed word recall, the serial 7s, and backward
counting for a score of 0-27 (Crimmins et al. 2011).
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3.4.2.2 Childhood Misfortune
Six domains of childhood misfortune are measured in the HRS: SES disadvantage, risky
parental behavior, infectious diseases, chronic diseases, impairments, and risky adolescent
behavior. Along with guidance from theory and prior studies, factor analysis was used in
preliminary analyses to identify the domains. Each domain was constructed as a sum of multiple
indicators of events and experiences that occurred before the age of 18 and top-coded at 2 (see
Table 3.1). The SES domain is made up of father’s education (coded 1 for less than 8 years of
education and 0 for 8 or more years)9, perception of family finances (coded 1 for poor, 0 otherwise),
father’s occupation (non-skilled manual coded 1, 0 otherwise), and whether the respondent ever
moved due to financial difficulties. The risky parental behavior domain includes physical abuse
by a parent, a parent with an alcohol or substance abuse issue, and a parent or guardian who smoked.
Risky adolescent behavior is comprised of depressive symptoms, other psychological problems,
substance abuse, and ever been in trouble by the police.
Infectious diseases in childhood were measured with chicken pox, measles, and mumps.
Chronic diseases in childhood consisted of asthma, seizures, migraines, stomach problems,
allergies, ear problems, and self-rated childhood health (poor or fair health coded as 1, 0 otherwise).
The childhood impairment domain included head injury or trauma, disability for 6 months or more,
vision impairment even with corrective lenses, speech impairment, and learning problems. Among
the childhood domains, infectious disease and socioeconomic disadvantage are most common (see
Table 3.1).

9

If father’s education was unknown, mother’s education was used (n=1,004).
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3.4.2.3 Parental Longevity
Mother’s and father’s age, currently or at time of death, is coded so that 80 years or greater
is 1, 0 otherwise. The cutoff at age 80 is intended to indicate longevity among the respondents of
this sample who are at least 51 years old at the time of their 2004 interview 10. Nearly 48% of
respondents’ mothers and 33.3% of respondent’s fathers were at least 80 years of age (see Table
3.1).
3.4.2.4 Subjective Life Expectancy
Respondents are asked what they think the probability is of living about another 10 years
with the question “what is the percent chance that you will live to be___”. Respondents under the
age of 70 were asked to report the probability of living to age 80, respondents aged 70-74 were
asked the probability of living to age 85, and so on (Bugliari et al. 2016). This variable is tri-modal
with the most frequent response being 50. This distribution may be due to some individuals being
uncertain or misunderstanding probabilities; however, this variable is associated with actual
mortality and other variables associated with health and mortality (Hurd and McGarry 2002). As
seen in Table 3.1, the mean subjective probability of surviving another 10 years is 50.83 (S.D. =
31.61).
3.4.2.5 Adult Risks, Resources, and Health Status
Models adjust for adult risks and resources related to mortality. Adult resources include
marital status, education, and wealth. Marital status includes married or partnered (reference),
divorced or separated, widowed, and never been married. Education is measured in years and top-

10

1,039 mothers and 401 fathers were alive at the 2004 interview and under the age of 80.
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coded at 17. Wealth is taken from RAND; the cube root of wealth in 1,000s is used to adjust for
skewness (Tukey 1977). Occupation was also included in preliminary analyses, but did not alter
conclusions and had a substantial amount of item-missing, thus was removed for parsimony.
This study also adjusts for adult health lifestyle factors associated with mortality. Smoking
is measured in pack-years with never smokers coded as 0; pack-years represent the number of
packs a person smokes per year times the number of years the person has smoked. Heavy alcohol
drinking is a dichotomous variable coded 1 for 4+ drinks per occasion for women and 5+ drinks
per occasion for men, 0 otherwise (Dawson 2011). Body mass index (BMI) is calculated in kg/m2,
and bottom and top coded at 15 kg/m2 and 50 kg/m2. Physical activity is a binary variable coded
1 if the respondent reported exercising at least once per week, 0 otherwise.
The models also adjust for several diseases linked to mortality among older adults.
Respondents were asked if they had any of the following diseases or complications: cancer, heart
disease, lung disease, diabetes, or stroke. In addition, depressive symptoms are assessed by an 8items CES-D score.
3.4.2.6 Demographics
Given the trends in mortality by race and ethnicity previously discussed, this study also
adjusts for and examines interactions with each. Race and ethnicity are categorized as nonHispanic White (reference), non-Hispanic Black, and Hispanic. In addition, gender is coded 1 for
female and 0 for male. A continuous variable of age is also included in all models.
3.4.3 Analysis
Analyses were conducted in Stata version 14. Statistical estimation of mortality (20042014) was completed with Cox Proportional Hazards models. The duration variable is measured
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in months and right censored at death or last interview date. The proportional hazard assumption
was checked using Schoenfeld residuals, with no violation observed. Item-missing data for
independent variables were accounted for using multiple imputation with chained equations.
Appropriate link functions were used for variables with item-missing data, and 20 data sets were
imputed using information in the full models. Models adjust for the complex survey design of the
HRS.
Analyses consist of a series of nested models predicting all-cause mortality, followed by a
series of nested models predicting cardiovascular mortality. Interaction terms for the childhood
misfortune domains and race and ethnicity were tested in separate equations.

3.5

Results

3.5.1 All-Cause Mortality
Table 3.2 show the Cox regression models predicting all-cause mortality. Model 1 in Table
3.2 includes the childhood exposures, demographic characteristics, and parental longevity. As
expected, age is positively associated with mortality, whereas females and Hispanic adults have
reduced hazard rates compared to males and non-Hispanic White adults, respectively. Offering
support for hypothesis 4, maternal and paternal longevity reduce the risk of all-cause mortality.
Among the childhood exposures, two or more socioeconomic disadvantages raises the risk and
two or more infectious disease decreases the risk of death, offering support for hypotheses 1 and
3 respectively. Counter to hypothesis 2, one risky parental behavior compared to none is
associated with lower mortality risk.
Model 2 in Table 3.2 adds adult education and wealth, attenuating the relation between two
or more socioeconomic disadvantages during childhood and mortality. Several other studies report
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similar findings and suggest that childhood socioeconomic status decreases mortality risk via adult
socioeconomic status (Hayward and Gorman 2004; Kilpi et al. 2017; Pudrovska and Anikputa
2012). In supplementary models not shown, education and wealth were added individually to
Model 1; those two variables completely attenuated the effect of childhood socioeconomic status.
Among the other childhood exposures, the negative effects of risky parental behavior and
infectious diseases were slightly reduced after the addition of adult socioeconomic status, but
persist. The effect of age is unchanged, yet females and Hispanic adults are even less at risk of
death than men and non-Hispanic White adults (respectively: H.R. = 0.642, p<0.001; H.R. 0.621,
p<0.001). Maternal age is no longer related to all-cause mortality, but the effect of paternal age is
similar to that in Model 1. Education and wealth both reveal protective effects.
Model 3 adds marital status, adult health lifestyle, adult health, and subjective life
expectancy. Each set of variables were added in respective sets, but since the main conclusions
do not change, the full model is presented. Despite slight changes in effect sizes, the main
conclusions for risky parental behavior, infectious diseases, demographic characteristics, father’s
longevity, and wealth are the same as Model 2. In the fully adjusted model, education is no longer
associated with mortality. Among adult health lifestyles, physical activity is protective, whereas
heavy alcohol drinking and pack-years smoking are associated with increased risk of death.
Moreover, each of the health status indicators are associated with greater mortality risk. Offering
support for hypothesis 5, subjective life expectancy is negatively associated with all-cause
mortality.
To further examine the effect of childhood socioeconomic status on all-cause mortality, the
models are estimated again, but with the individual indicators of the childhood socioeconomic
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domain included in the models.11 Table 3.3, Model 1 reveals that parent’s education and having a
father with an unskilled manual occupation likely drive the association between the childhood
socioeconomic domain and mortality. Each indicator is associated with higher risk of mortality
before adult education and wealth are included. Model 2 of Table 3.3 adds adult education and
wealth, completely attenuating the effects of parent’s education and father’s unskilled occupation.
Model 3 shows that the effects remain non-significant in the fully adjusted model.
To examine racial and ethnic variation in the associations between childhood domains and
all-cause mortality, interaction terms were estimated in separate equations for each domain and
race/ethnicity. No evidence was found for race/ethnicity as moderating the effect of childhood
exposures on all-cause mortality (not shown).
3.5.2 Cardiovascular Mortality
As noted earlier, about one-third of the deaths among HRS respondents between 2004 and
2014 were due to cardiovascular disease. Table 3.4 displays Cox regression models predicting
cardiovascular mortality during the observation period.

Model 1 includes demographic

characteristics, parental age, and childhood domains. As expected, age increases the risk of
cardiovascular mortality. In addition, females have lower risk and Black adults have higher risk
of cardiovascular mortality than men and White adults, respectively. Maternal longevity is
protective of cardiovascular mortality, offering partial support to hypothesis 4. Among childhood
exposures, two or more socioeconomic disadvantages (hypothesis 1) and two or more risky
adolescent behaviors are associated increased risk, whereas one impairment during childhood is
associated with reduced risk of cardiovascular mortality. After including adult socioeconomic

11

Multiple imputation was used to impute for item-missing in models with individual indicators for the SES domain
and information used from all variables in the full model.
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characteristics in Model 2, the effect of race and childhood socioeconomic misfortune are no
longer significant and Hispanic ethnicity becomes significant; Hispanic adults are at a reduced risk
of cardiovascular mortality in comparison to White adults. In addition, adult education and wealth
are protective against cardiovascular mortality.
Model 3 in Table 3.4 adds marital status and adult health lifestyle. The results are fairly
similar to Model 2 with the exception of adult education which is no longer significant. However,
it should be noted that after the addition of adult health lifestyle, the hazard rate ratio of two or
more risky adolescent behaviors decreased from 2.594 in Model 1 to 2.287 in Model 3, suggesting
that slightly over 8% of the effect in Model 1 was explained by adult risks, resources, and health
behaviors. Physical activity is protective, whereas increasing BMI and more pack-years smoked
are associated with increased cardiovascular mortality risk.
Model 4 is the fully adjusted model and adds adult health indicators and subjective life
expectancy. The results are similar to those in Model 3 with two main exceptions. Mother’s
longevity and BMI are no longer significant. This potentially suggests that the influence of both
mother’s longevity and BMI on cardiovascular mortality manifested in a disease or condition (e.g.,
heart disease or diabetes) prior to death. As anticipated with hypothesis 5, subjective life
expectancy is associated with reduced cardiovascular mortality.
Among the adult health indicators, heart disease, diabetes, and stroke increase the risk of
cardiovascular mortality. In base models adjusting for age, gender, race, and adult health (i.e.,
depression, cancer, lung disease, heart disease, and stroke), the hazard rates for heart disease and
stroke are slightly larger, but still not as large as one may expect (respectively: H.R. = 1.801,
p<0.001; H.R. = 1.724, p<0.001). There are two potential explanations. First, respondents are
asked: “has a doctor ever told you that you had a heart attack, coronary heart disease, angina,
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congestive heart failure, or other heart problems?” It is possible that many of these individuals
report high blood pressure—a manageable and common condition—as “other heart problems”,
which likely clouds the accuracy of this measure. In addition, “possible stroke” and “transient
ischemic attacks” are included in the stroke measure. Second, cause of death is masked for the
exit data which was used to measure cardiovascular deaths from 2012-2014, thus cardiovascular
mortality is measured by heart, circulatory, or other blood conditions. This imposes slightly more
variability into the measure than a measure following a more strict definition of cardiovascular
disease.
To further examine the effects of the childhood domains on cardiovascular mortality, the
indicators of each domain were examined in separate equations (e.g., equation 1 tested the 4
indicators of the SES domain, equation 2 tested the 5 indicators of the impairment domain).
Results suggest that experiencing a head injury during childhood was the driving force behind the
impairment domain being associated with cardiovascular mortality (H.R. = 0.575; C.I. = 0.4000.828 in the fully adjusted model). Similar to the results for all-cause mortality, parental education
(i.e., less than 8 years) increases cardiovascular mortality (Model 1, Table 3.5), yet the effect is
attenuated once adult socioeconomic status is in the model (Model 2, Table 3.5) and no indicators
are significant in the fully adjusted model (Model 3, Table 3.5). None of the individual indicators
of the risky adolescent behavior domain were significantly related to cardiovascular mortality (not
shown).
As with the all-cause mortality analyses, interactions between childhood domains and
race/ethnicity were examined. No evidence was found for race/ethnicity as moderating the effect
of childhood exposures on cardiovascular mortality.
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3.6

Discussion

In summarizing specific findings (see Figures 3.3 and 3.4), this study reveals two important
general points regarding the early social origins of health. First, resources and risks proximal to
disease/death are potentially shaped early in life, emphasizing the importance of family lineage
and accumulation of disadvantage. Offering support for hypothesis 1, two or more childhood
socioeconomic disadvantages were associated with increased all-cause and cardiovascular
mortality compared to experiencing none. However, this relationship was attenuated when adult
socioeconomic factors were introduced to the models, suggesting possible mediation. In addition,
two or more risky adolescent behaviors increased the hazard for cardiovascular mortality and the
effect was slightly attenuated once adult health behaviors were included. These findings draw
attention to early life context in shaping resources and behaviors in adulthood. Moreover, results
indicating that two or more misfortunes in these domains (rather than one) increases the risk of
mortality, hints at a possible threshold effect.
Perhaps one of the most striking findings was that risky adolescent behavior was associated
with risk of cardiovascular disease, yet this association was not found for all-cause mortality. This
suggests that risky adolescent behaviors are closely linked to cardiovascular pathophysiology.
More surprisingly, this effect remained significant and large even after adjusting for adult health
behaviors and adult health conditions including heart problems and depression.12 Children who
experienced two or more risky adolescent behaviors were 2.32 times more likely than those who
experienced none to die from cardiovascular disease during the study period (p<0.05). It is
possible that individuals who had mental health issues and partook in risky behaviors during

12

Childhood depression is one indicator within the risky adolescent behavior domain. The correlation between
childhood depression and adult depressive symptoms is 0.128, thus multicolinearity is likely not an issue.
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adolescence continued to behave in health harming ways as adults. Unfortunately, there are no
questions probing substance abuse issues (beyond heavy alcohol drinking), risky sexual health, or
other thrill-seeking behaviors that may lead to cardiovascular mortality.
An alternative explanation could be that the system responsible for stress response (i.e.,
hypothalamic-pituitary-adrenal axis) has been constantly activated in individuals who behave in a
risky manner, thus exhausting the stress response system, making the body vulnerable to disease
(Miller, Chen, and Parker 2011). Similar to this line of reasoning, a constantly elevated heart rate
and blood pressure eventually leads to narrowing of arteries, a major risk for blood clots and heart
damage. More research is needed to elucidate how risky adolescent behaviors may lead to
cardiovascular disease and mortality.
In contrast to these early life risks, parents who live at least until the age of 80 provide
resources to their children that are protective as they age, as anticipated by hypothesis 4. Parental
longevity has been described as a measure of shared genetic and environmental information. I
expand upon this and argue that parental longevity taps into shared genetic and environmental
information early in life as well as resources offered into later life of the adult child. Among the
findings in this study, paternal longevity was associated with reduced all-cause mortality.
Although some studies report no relation between parental longevity and offspring mortality (van
Doorn and Kasl 1998), others report more robust results for mother’s longevity (Dutta et al. 2013;
Vågerö et al. 2018). In Model 1 of Table 3.2, mother’s longevity was associated with reduced allcause mortality. However, once adult education and wealth were included, the effect was no longer
significantly associated with all-cause mortality. Perhaps long-lived mothers encourage their
children to attain higher levels of education or offer resources that boost their adult child’s
socioeconomic status. Alternatively, some causes of death may vary by gender revealing that

69
mother’s or father’s age is more consequential. Indeed, in cardiovascular mortality analyses,
mother’s longevity was protective, whereas father’s longevity was not associated with mortality
from cardiovascular diseases. Parental longevity was associated with all cause and cardiovascular
mortality even after adjusting for childhood exposures, adult SES, and adult health lifestyle
suggesting that resources that aided in a long life for parents were not accounted for by these
factors are also passed to their children.
The second general take-away from this study is the need for theory development to help
explain which and how exposures during childhood may be protective in later life. Preston et al.
(1998) created a typology of early life risks based on their positive or negative relation to adult
health as well as their direct or indirect impact. Based on his classification and the work of others
(Smith et al. 2016; Kemp et al. 2018), the finding in this study that two or more infectious diseases
are protective for all-cause mortality suggests acquired immunity. The same results were not found
for cardiovascular mortality. Thus, an acquired immunity may be protective to issues common
among many diseases that lead to premature death excluding cardiovascular issues. For instance,
sepsis is a condition that older adults are predisposed to due to other, co-existing conditions such
as cancer, diabetes, and obesity (Nasa, Juneja, and Singh 2012). Sepsis was commonly thought of
as a severe infection, but more recent research focuses on issues associated with the immune
response.

A well-developed immune system early in life may have long-lasting benefits,

suggestive of a sort of immune reserve.
Preston’s classifications are mostly biological and do not include other, social or
psychological types of indirect associations or pathways by which early life exposures may
influence adult morbidity and mortality. Some research indicates—and some scholars argue—that
not all insults lead to poor health outcomes (Ferraro et al. 2016; Seery et al. 2010), and latent
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beneficial outcomes of early life risk may be related to human agency in responding to the insult
(Ferraro and Shippee 2009). Two different types of responses to risk are discussed by Ferraro and
Kelley-Moore (2003): risk-factor elimination and countervailing mechanisms. Both compensatory
mechanisms could be used to explain the findings in this study that one risky parental behavior
and one impairment in childhood were protective for all-cause and cardiovascular mortality,
respectively.
Children who experienced a head injury are likely encouraged by their parents and may be
self-motivated to avoid future risky situations. Doing so may eliminate the initial cause of the
head injury or context in which it occurred, and/or unintentionally eliminate other risks by being
generally cautious. Moreover, these mechanisms may work together in some instances. Given
that most of these older adults no longer live with their parents, they have likely escaped being
exposed to risky parental behaviors. In addition, these individuals may have adopted shift and
persist strategies—potentially a type of countervailing mechanism—that enables them to accept
their past experiences and look toward the future with meaning and optimism (Chen and Miller
2012). It should be noted that this domain is comprised of risky behaviors that may be considered
less severe (i.e., parental smoking) than those comprising ACE scores (e.g., parental sexual abuse).
In addition, the curt manner in which parental abuse was inquired in the HRS likely resulted in an
underestimation of this indicator. Shift and persist strategies are probably more difficult to achieve
among individuals who have been severely abused, and other mechanisms may be better suited to
explain resilience among these individuals. Nonetheless, theory would benefit from further
describing how some childhood exposures may influence adaptive responses.
Whether or not a person responds and how he or she responds to a risk also depends on
how they evaluate that risk in light of other risks they have faced. The way in which they perceive
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their past influences how they perceive their future self, influencing their actions (Ferraro and
Shippee 2009). Although this study does not explicitly investigate whether childhood exposures
shape subjective life expectancy and whether this influences health or other behaviors resulting in
an earlier death, this study takes a preliminary step in this direction by examining how perceptions
of life expectancy are associated with mortality. Indeed, individuals’ perception of aging, as
measured by perceived life expectancy, was related to mortality risk—all-cause and cardiovascular.
Moreover, in supplementary analyses (not shown), adjustment of childhood exposures did not alter
the effect of subjective life expectancy and the effect of subjective life expectancy on mortality
did not vary by childhood exposures.13
This is the first study to the author’s knowledge that examines perceptions of life
expectancy in relation to cause-specific mortality. It was anticipated that the association would be
strong given that there are many well-known risk factors and genetic links to cardiovascular
diseases; individuals would likely use this information in combination with their life histories to
calculate their perceived life expectancy. Although the effect was no larger for cardiovascular
mortality than all-cause, it is expected that the association between subjective life expectancy and
other cause-specific mortality, such as that from accidents, would be weaker. Nevertheless, more
research is needed to examine how perceptions of life trajectories form and how they influence
actions.

3.7

Conclusion

This study contributes to the early origins of health literature in several ways. First,
findings indicate that some childhood exposures such as risky adolescent behavior are associated

13

Supplementary models tested interactions between childhood exposure domains and subjective life expectancy.
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with cardiovascular mortality, whereas other types of exposures like childhood infectious diseases
are protective to all-cause mortality. Variability in the direction of effect for childhood exposures
calls attention to the importance of examining domains rather than summing types of exposures
across domains.
Second, this study also underscores the need for theory development in describing how
some childhood exposures generally thought to be harmful, instead have long-term adaptive effects.
Researchers such as Preston and colleagues (1998) among others tend to focus on biological
pathways and associations in describing how risks may be negatively related (i.e., protective) to
adult mortality. Other theories, such as CI theory, focus on resources and agency, whereas others
identify strategies and mechanisms by which a person may adapt (Chen and Miller 2012; Ferraro
and Kelley-Moore 2003). Given the non-linear relationship between some early adversity and
health (Seery et al. 2010) as well as the findings from this study, an integrated and multilevel
discussion of how and which types of early adversity could promote adaptation would benefit early
origins of health studies.
Third, this study finds that family lineage is important in determining mortality beyond the
effects of childhood exposures and adult resources and risks. Moreover, fathers who lived to
advanced ages were resources in protecting against premature adult all-cause mortality whereas
mothers who lived to advanced ages were resources for their children in protecting against
cardiovascular mortality.
The major conclusions of this study should be interpreted in light of a few limitations. First,
as with all studies that use retrospective data, recall bias is a potential issue. In order to minimize
bias, respondents who had cognition scores less than two standard deviations below the mean were
excluded from the sample along with individuals who used proxies for childhood indicators.
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Second, cardiovascular mortality is defined as death due to heart, circulatory, or blood conditions.
This means that several conditions that are not commonly thought to be cardiovascular disease
with common risk factors, such as anemias and other heritable blood disorders, may be included
in this measure. However, death from anemia and other blood conditions are rare, therefore there
are likely few individuals included in the measure that died from conditions other than heart or
circulatory related conditions (Murphy et al. 2017).
Despite these limitations, this study adds to the early origins of health literature by carefully
investigating different types of childhood exposures in relation to all-cause and cardiovascular
mortality. Perhaps most striking is that risky adolescent behaviors increase cardiovascular
mortality even after adjusting for adult health behaviors and health conditions. Regardless of early
insults, parents who live to notable ages provide resources to their adult children that reduce their
risk of mortality. In addition, children who face some types of early exposures may still be able
to adapt, cope, and overcome hardship. Taken together, premature
adult mortality is shaped by family lineage, early social disadvantage, and perceptions of one’s life
course trajectory.
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Table 3.1 Descriptive Statistics from the Health and Retirement Study (2004-2014) n=13,470
All-Cause Mortalityb
Cardiovascular Mortality
Demographics
Non-Hispanic Black
Non-Hispanic White
Hispanic
Age
Childhood Misfortune
SESc Disadvantage
Risky Parental Behavior
Chronic Disease
Infectious Disease
Impairment
Risky Adolescent Behavior
Parental Longevity
Mom Age 80+
Dad Age 80+
Adult SES Factors
Education
Wealthd
Marital Status
Married
Divorced/Separated
Widowed
Never Married
Adult Health Lifestyle
Pack-Years Smoking
Heavy Drinking
Physical Activity
Body Mass Index
Adult Health
Depressive Symptoms
Cancer
Lung Disease
Heart Disease
Diabetes

S.D.a

Range
0,1
0,1

Mean
0.180
0.060

0,1
0,1
0,1
50-97

0.131
0.783
0.085
65.714

9.543

0-2
0-2
0-2
0-2
0-2
0-2

1.107
0.871
0.376
1.740
0.202
0.091

0.813
0.668
0.630
0.572
0.460
0.319

0,1
0,1

0.479
0.333

0-17
-13.095-33.330

12.734
5.934

0,1
0,1
0,1
0,1

0.680
0.122
0.167
0.031

0-287
0,1
0,1
15-50

16.176
0.024
0.296
27.804

25.998

0-8
0,1
0,1
0,1
0,1

1.336
0.124
0.088
0.216
0.166

1.892

3.008
3.602

5.476
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Table 3.1 continued
Stroke
Subjective Life Expectancy
a

0,1
0-100

0.051
50.823

b

31.611

S.D. is standard deviation; All-cause mortality and mortality related to cardiovascular diseases are observed from

2004-2014; cSES is socioeconomic status; dCube root of wealth in 1,000s

Table 3.2 Cox Regression Models of Childhood Misfortune Predicting All-Cause Mortality (2004-2014) n=13,470
Model 1
H.R.
Demographic Characteristics
Age
Female
Black
Hispanic
Parental Longevity
Mom Age 80+
Dad Age 80+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Infectious Disease
2+ Infectious Diseases
1 Chronic Disease
2+ Chronic Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors
Adult SES
Education
Wealth

a

Model 2
C.I.

b

Model 3

H.R.

C.I.

H.R.

C.I.

1.098 ***
0.702 ***
1.128
0.822 *

1.093-1.103
0.649-0.760
0.977-1.302
0.688-0.983

1.098 ***
0.642 ***
0.912
0.621 ***

1.093-1.103
0.593-0.696
0.790-1.054
0.514-0.751

1.088 ***
0.731 ***
1.016
0.704 **

1.082-1.094
0.664-0.804
0.873-1.181
0.568-0.873

0.879 *
0.872 **

0.796-0.969
0.792-0.960

0.913
0.874 **

0.829-1.006
0.795-0.962

0.956
0.901 *

0.866-1.056
0.820-0.989

1.061
1.229 **
0.872 *
0.970
0.867
0.797 **
0.941
0.983
0.951
1.192
1.159
1.316

0.934-1.206
1.071-1.410
0.786-0.968
0.792-1.188
0.712-1.055
0.694-0.914
0.837-1.057
0.827-1.168
0.842-1.075
0.885-1.605
0.942-1.425
0.757-2.287

0.965
1.046
0.886 *
0.975
0.879
0.841 *
0.947
0.972
0.955
1.087
1.122
1.232

0.844-1.104
0.905-1.207
0.796-0.986
0.796-1.194
0.718-1.075
0.733-0.964
0.842-1.064
0.820-1.154
0.844-1.080
0.803-1.471
0.915-1.376
0.717-2.118

0.953
1.016
0.851 **
0.856
0.941
0.863 *
0.904
0.869
0.925
0.983
1.018
0.993

0.837-1.086
0.878-1.175
0.766-0.946
0.699-1.048
0.775-1.142
0.753-0.988
0.802-1.018
0.741-1.019
0.823-1.040
0.736-1.314
0.831-1.247
0.580-1.700

0.973 **
0.927 ***

0.957-0.988
0.915-0.939

0.988
0.954 ***

0.972-1.004
0.941-0.968
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Table 3.2 continued
Marital Status
Divorced
Widowed
Never Married
Adult Health Lifestyle
Physical Activity
Heavy Drinking
Body Mass Index
Pack-Years Smoking
Adult Health
Depressive Symptoms
Cancer
Lung Disease
Heart Disease
Diabetes
Stroke
Subjective Life Expectancy
F
a

163.72 ***

190.02 ***

1.047
1.068
1.002

0.909-1.205
0.951-1.199
0.797-1.259

0.718 ***
1.418 **
0.991
1.007 ***

0.635-0.811
1.120-1.794
0.982-1.001
1.006-1.008

1.047 ***
1.253 ***
1.471 ***
1.275 ***
1.515 ***
1.276 **
0.997 ***
153.61 ***

1.026-1.069
1.137-1.381
1.280-1.691
1.180-1.378
1.373-1.671
1.073-1.518
0.995-0.998

b

H.R. is hazard rate; C.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001
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Table 3.3 Indicators in the Childhood SES Disadvantage Domain Predicting All-Cause Mortality (2004-2014) n=13,470
Model 1a
Parent’s Education
Move Due to Finances
Rate Family Finances
Father Unskilled Occupation
F
a

H.R.d
1.138 **
1.029
1.008
1.180 **
166.74 ***

C.I.e
1.037-1.250
0.930-1.138
0.918-1.106
1.065-1.308

Model 2b
H.R.
1.052
1.018
0.984
1.083
198.02 ***

C.I.
0.963-1.148
0.921-1.126
0.89601.079
0.969-1.209

Model 3c
H.R.
1.046
0.997
0.941
1.112
189.49 ***

C.I.
0.952-1.150
0.892-1.114
0.858-1.032
0.992-1.245

Model 1 is adjusted for: age, sex, race, ethnicity, parental longevity, risky parental behavior domain, infectious disease domain, chronic disease domain, impairment

domain, risky adolescent behavior domains. bModel 2 is adjusted for the variables in Model 1 along with adult education and wealth. cModel 3 is adjusted for the
variables in Mode 2 along with: marital status, smoking, BMI, heavy drinking, physical activity, depressive symptoms, cancer, heart disease, lung disease, diabetes,
stroke, and subjective life expectancy. dH.R. is hazard rate; eC.I. is confidence interval.
*p<0.05; **p<0.01; p***<0.001
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Table 3.4 Cox Regression Models of Childhood Misfortune Predicting Cardiovascular Mortality (2004-2014) n=13,470
Model 1
H.R.
C.I.b
a

Demographic Characteristics
Age
Female
Black
Hispanic
Parental Longevity
Mom Age 80+
Dad Age 80+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Infectious Disease
2+ Infectious Diseases
1 Chronic Disease
2+ Chronic Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors
Adult SES
Education
Wealth

1.119 ***
0.718 ***
1.264 *
0.791

1.108-1.130
0.609-0.846
1.001-1.596
0.588-1.062

Model 2
H.R.
C.I.

Model 3
H.R.
C.I.

Model 4
H.R.
C.I.

1.119 ***
0.652 ***
1.020
0.596 **

1.109-1.130
0.549-0.773
0.811-1.282
0.433-0.820

1.119 ***
0.696 ***
1.035
0.642 **

1.108-1.131
0.585-0.827
0.823-1.301
0.465-0.885

1.110 ***
0.755 **
1.089
0.645 *

1.098-1.123
0.631-0.903
0.859-1.380
0.457-0.910

0.781 ** 0.664-0.918
0.866
0.741-1.014

0.811 *
0.866

0.688-0.954
0.740-1.013

0.813 *
0.869

0.690-0.958
0.743-1.016

0.871
0.901

0.736-1.031
0.774-1.050

1.114
1.271 *
0.866
0.907
0.953
0.837
0.960
1.044
0.742 **
1.398
1.036
2.594 *

1.009
1.079
0.879
0.911
0.964
0.883
0.966
1.028
0.748 *
1.286
1.003
2.439 *

0.796-1.279
0.850-1.371
0.717-1.077
0.651.273
0.714-1.301
0.672-1.159
0.796-1.173
0.782-1.352
0.602-0.929
0.845-1.959
0.622-1.618
1.155-5.150

0.985
1.069
0.854
0.858
1.025
0.895
0.954
1.029
0.736 **
1.268
0.991
2.287 *

0.772-1.259
0.836-1.367
0.695-1.048
0.613-1.200
0.757-1.387
0.678-1.182
0.784-1.162
0.782-1.354
0.591-0.918
0.831-1.935
0.615-1.596
1.065-4.907

0.977
1.014
0.874
0.852
1.037
0.915
0.917
0.926
0.726 **
1.084
0.911
2.320 *

0.765-1.248
0.792-1.297
0.713-1.072
0.611-1.189
0.764-1.409
0.694-1.206
0.754-1.115
0.709-1.210
0.578-0.910
0.701-1.676
0.567-1.464
1.045-5.153

0.881-1.409
1.008-1.603
0.710-1.057
0.651-1.264
0.709-1.281
0.643-1.090
0.790-1.166
0.789-1.383
0.597-0.921
0.923-2.116
0.641-1.674
1.183-5.686

0.973 *
0.949-0.998
0.926 *** 0.904-0.949

0.985
0.959-1.011
0.937 *** 0.913-0.962

0.988
0.961-1.016
0.953 ** 0.927-0.979
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Table 3.4 continued
Marital Status
Divorced
Widowed
Never Married
Adult Health Lifestyle
Physical Activity
Heavy Drinking
Body Mass Index
Pack-Years Smoking
Adult Health
Depressive Symptoms
Cancer
Lung Disease
Heart Disease
Diabetes
Stroke
Subjective Life Expectancy
F
a

49.29 ***

60.1 ***

0.845
1.062
0.742

0.654-1.091
0.894-1.262
0.477-1.155

0.857
1.027
0.766

0.672-1.093
0.863-1.222
0.492-1.191

0.638 ***
1.272
1.027 **
1.005 ***

0.522-0.779
0.780-2.075
1.011-1.043
1.003-1.008

0.712 **
1.442
1.013
1.004 ***

0.576-0.880
0.895-2.322
0.997-1.029
1.002-1.007

1.043
0.971
1.105
1.719 ***
1.655 ***
1.603 **
0.997 **
53.26 ***

0.996-1.092
0.825-1.144
0.884-1.380
1.475-2.005
1.391-1.969
1.233-2.084
0.994-0.999

58.07 ***

b

H.R. is hazard rate; C.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001
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Table 3.5 Indicators in the Childhood SES Disadvantage Domain Predicting Cardiovascular Mortality (2004-2014) n=13,470
Model 1a
Parent’s Education
Move Due to Finances
Rate Family Finances
Father Unskilled Occupation
F
a

H.R.d
1.255 **
0.940
1.046
1.152
48.55 ***

C.I.e
1.079-1.460
0.802-1.103
0.909-1.202
0.934-1.421

Model 2b
H.R.
1.155
0.933
1.021
1.060
73.06 ***

C.I.
0.984-1.356
0.790-1.100
0.886-1.177
0.858-1.308

Model 3c
H.R.
1.141
0.917
0.981
1.050
53.04 ***

C.I.
0.967-1.347
0.782-1.075
0.852-1.129
0.853-1.292

Model 1 is adjusted for: age, sex, race, ethnicity, parental longevity, risky parental behavior domain, infectious disease domain, chronic disease domain, impairment

domain, risky adolescent behavior domains. bModel 2 is adjusted for the variables in Model 1 along with adult education and wealth. cModel 3 is adjusted for the
variables in Mode 2 along with: marital status, smoking, BMI, heavy drinking, physical activity, depressive symptoms, cancer, heart disease, lung disease, diabetes,
stroke, and subjective life expectancy. dH.R. is hazard rate; eC.I. is confidence interval.
*p<0.05; **p<0.01; p***<0.001
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Childhood Exposures
Socioeconomic disadvantage
Risky parental behavior
Risky adolescent behavior
Impairments
Infectious diseases
Chronic diseases

+
+
-

Family Lineage
Mother’s longevity
Father’s longevity

All-cause mortality

-

Subjective life expectancy
Figure 3.1 Anticipated Associations with All-Cause Mortality
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Childhood Exposures
Socioeconomic disadvantage
Risky parental behavior
Risky adolescent behavior
Impairments
Infectious diseases
Chronic diseases

+

Cardiovascular mortality
-

Family Lineage
Mother’s longevity
Father’s longevity

-

Subjective life expectancy
Figure 3.2 Anticipated Associations with Cardiovascular Mortality
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Childhood Exposures
Socioeconomic disadvantagea
Risky parental behavior
Risky adolescent behavior
Impairments
Infectious diseases
Chronic diseases

+
-

Mother’s longevitya
Father’s longevity

All-cause mortality

Key
Anticipated and observed association

Subjective life expectancy

Opposite direction from anticipated association

Figure 3.3 Observed Associations with All-Cause Mortality
Notes: aOnly observed in Model 1
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Childhood Exposures
Socioeconomic disadvantagea
Risky parental behavior
+
Risky adolescent behavior
Impairments
Infectious diseases
Chronic diseases

+

Cardiovascular mortality

Family Lineage
Mother’s longevityb
Father’s longevity

-

Key
Anticipated and observed association

Subjective life expectancy

Anticipated, but no observed association
Unanticipated and observed association

Figure 3.4 Observed Associations with Cardiovascular Mortality
Notes: aOnly observed in Model 1; bObserved through Model 3
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CHAPTER 4.

DOES TELOMERE LENGTH PREDICT ADULT
DEATH?

4.1

Introduction

Given that early life insults have been associated with shorter telomere length during
childhood and adulthood and that telomere length has emerged as a predictor of many agerelated diseases, the significance of this biomarker includes the potential to detect premature
biological aging at early stages of life, unveiling early opportunities for intervention. Telomere
length has been associated with an array of age-related diseases (Mather et al. 2011; Sanders and
Newman 2013), particularly cardiovascular issues (Fitzpatrick et al. 2007; Weischer et al. 2012).
As a biomarker of aging and closely linked to age-related diseases, it follows that telomere
length should be associated with premature mortality. However, evidence that telomere length
predicts mortality is equivocal (cf., Bendix et al. 2013; Martin-Ruiz et al. 2005; Njajou et al.
2009). Reasons for mixed findings likely include small sample sizes, short follow-up periods,
and various methods to measure telomere length (Mather et al. 2011). The purpose of this study
is to discern whether this link exists and whether telomere length could be a useful biomarker to
assess early the effect of childhood misfortune on adult mortality.

4.2

Background

4.2.1 Premature Aging and Mortality
Cawthon and colleagues (2003) were among the first to report that shorter telomere length
increased the risk of all-cause mortality, driven primarily by mortality due to heart disease and
infectious diseases. More studies investigating this association soon followed, reporting that

87
telomere length is also associated with cancer mortality (Willeit et al. 2010) and all-cause mortality
(Deelen et al. 2014; Kimura et al. 2008; Weisher et al. 2012). Kimura and colleagues (2008) found
that among twins, the twin with the shorter telomere length was more likely to die during followup than the twin with the longer telomeres. The association between shorter telomere length and
all-cause mortality has also been reported even after adjusting for several immune-related markers,
suggesting that the link between telomeres and mortality is not explained by associated immune
functions reflected by immune markers such as IGF-1, CRP, IL-6, and CMV infection (Deelen et
al. 2014).
Yet, several other studies indicate telomere length may not be related to all-cause mortality.
In a study of adults aged 30-70, models adjusting for age and sex revealed no effect of telomere
length on mortality at baseline or at follow-up about 10 years later (Bendix et al. 2013). Moreover,
two studies using different data on older adults (i.e., age 70-79 in the Health ABC study and 85+
in the Leiden 85-plus Study) found no association between telomere length and several mortality
outcomes including all-cause, cardiovascular, cancer, and infectious mortality (Martin-Ruiz et al.
2005; Njajou et al. 2009). The two previous studies mentioned examine small samples of older
adults (598 and 3,075, respectively). Thus, more research with larger and more representative
samples is needed.
4.2.2 Early Life Predictors of Premature Aging and Mortality
As shown in Chapters 2 and 3, early life exposures such as risky parental behavior, risky
adolescent behavior, and socioeconomic disadvantage have been linked to premature aging as
measured by telomere length as well as all-cause and cardiovascular mortality. Prior studies
show that cumulative childhood misfortune is related to shorter telomeres in adulthood (KiecoltGalser et al. 2011; O’Donovan et al. 2011; Puterman et al. 2016; Tyrka et al. 2016). In addition,
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childhood socioeconomic status, abuse, and cumulative misfortunes during childhood have been
linked to all-cause mortality (respectively: Galobardes et al. 2008; Chen et al. 2016; Kelly-Irving
et al. 2013). Chapter 3 results also suggest that socioeconomic disadvantage and risky
adolescent behaviors increase all-cause and cardiovascular mortality, respectively.
Although implied by some researchers, to my knowledge no study has examined whether
the effect of early life exposures on later life morbidity or mortality operates indirectly through
telomere length. As a biomarker of aging that is influenced by health risks such as smoking and
childhood misfortune, and predicts age-related diseases, it is important to test whether the effect
of childhood exposures on mortality operate through telomere length. The strength of telomere
length as a useful biomarker rests on its capacity to measure biological damage from stress and
predict the consequences of the damage. Therefore, this study poses two research questions:
1. Does shorter telomere length predict all-cause, cardiovascular, and cancer mortality?
Based on prior studies, I expect that shorter telomeres will be associated with increased
all-cause, cardiovascular, and cancer mortality risk.
2. If childhood exposures and telomere length are related to mortality risk, is there evidence
that the effect of childhood exposures on mortality operates through telomere length? I
anticipate that effects between childhood exposures and mortality will be reduced or
eliminated once telomere length is added to the model.

4.3

Method

4.3.1 Sample Description
This study uses telomere data from Wave 9 (2008) of the Health and Retirement Study. In
2008, roughly half the sample was selected for a Face-to-Face Interview and these individuals
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were asked to provide a cheek swab for telomere collection, resulting in a consent rate of 85%
(HRS 2013). The analytic sample for this study is comprised of individuals who are at least 51
years of age or older as of their 2008 interview, with the following exclusions: (a) used proxies for
the childhood misfortune indicators, (b) had cognition scores more than two standard deviations
below the mean,14 and (c) telomeres larger than 2 units.15 The analytic sample size is 4,890.
4.3.2 Measurement
4.3.2.1 Premature Mortality
All-cause mortality was measured between the respondents last interview date in 2008 and
2014 and confirmed by the National Death Index (NDI). Roughly 16.5% of the sample died
between 2008 and 2014 (see Table 4.1). Cause of death reports from the NDI were used to measure
cardiovascular and cancer mortality from 2008 to 2012. Whereas NDI cause of death is not
available after 2012, information on cardiovascular and cancer mortality for 2012-2014 was taken
from exit surveys. Exit survey data is masked in order to preserve the identity of the respondents,
and cardiovascular information from the exit surveys include deaths due to heart, circulatory, or
blood conditions. Just under one-third of the deaths were due to cardiovascular related issues and
just under another third of the deaths were due to cancer. Survival time was measured in months
and for those whose month of death was unknown, the month halfway between their last interview
month and the following interview year was used.

14

A cognition score was created based on the sum of immediate and delayed word recall, the serial 7s, and backward
counting for a score of 0-27 (Crimmins et al. 2011).
15
This cutoff was chosen after examining outliers. Puterman and colleagues (2016) have also used this cutoff.
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4.3.2.2

Telomere Length
Telomere length was measured in 2008 from saliva using quantitative polymerase chain

reaction (qPCR). Average telomere length is measured as the ratio of the respondent’s sample
telomere sequence copy number (T) to a single-copy gene copy number (S). The average telomere
length in the sample is 1.284 (see Table 4.1). The assay procedure is outlined in greater detail in
HRS telomere data documentation (HRS 2013).
4.3.2.3 Childhood Misfortune
Based on theory, prior studies, and preliminary factor analysis, six domains of childhood
exposures are measured: SES disadvantage, risky parental behavior, infectious diseases, chronic
diseases, impairments, and risky adolescent behavior. Dichotomous indicators in each domain are
summed and top-coded at 2. For each childhood exposure, respondents were asked if the event or
experience occurred before the age of 18. The SES domain includes the following four indicators
father’s education or mother’s if father’s was unknown (coded 1 for less than 8 years of education
and 0 for 8 or more years), perception of family finances (coded 1 for poor, 0 otherwise), father’s
occupation (non-skilled manual coded 1, 0 otherwise), and whether the respondent ever moved
due to financial difficulties. The risky parental behavior domain includes three indicators: physical
abuse by a parent, a parent with an alcohol or substance abuse issue, and a parent or guardian who
smoked. Risky adolescent behavior is comprised of four indicators: depressive symptoms, other
psychological problems, substance abuse, and ever been in trouble by the police.
Indicators in the infectious diseases domain include: chicken pox, measles, and mumps.
Chronic diseases in childhood include eleven indicators: asthma, seizures, migraines, stomach
problems, allergies, ear problems, and self-rated childhood health (poor or fair health coded as 1,
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0 otherwise). The childhood impairment domain was comprised of the following five indicators:
head injury or trauma, disability for 6 months or more, vision impairment even with corrective
lenses, speech impairment, and learning problems. Childhood impairments and risky adolescent
behaviors were the most uncommon exposures, whereas infectious diseases and socioeconomic
disadvantage during childhood were more common.
4.3.2.4 Adult Risks, Resources, and Health Status
Several adult risks, resources, and health conditions are related to mortality and thus,
models adjust for these factors. Adult resources include marital status, education, and wealth.
Marital status is measured as married or partnered (reference), divorced or separated, widowed,
and never been married. Among socioeconomic factors, education is measured in years and topcoded at 17, and wealth is measured as the cube root of wealth in 1,000s to adjust for skewness
(Tukey 1977).
Health behaviors and lifestyle include smoking, heavy alcohol consumption, physical
activity, and body mass index (BMI). Smoking is measured in pack-years which is the number of
packs a person smokes per year times the number of years the person has smoked, and coded 0 for
those who never smoked. Heavy alcohol drinking is coded 1 for women who drink 4+ drinks per
occasion and men who drink 5+ drinks per occasion, 0 otherwise (Dawson 2011). BMI is
calculated in kg/m2, and bottom and top coded at 15 and 50 kg/m2. Physical activity coded 1 if the
individual partook in physical activity at least once per week, 0 otherwise.
Models also adjust for the following diseases or complications, asked as “has a doctor ever
told you that you have…” cancer, heart disease, lung disease, diabetes, or stroke. In addition, an
8-items CES-D score is included to adjust for depressive symptoms.
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4.3.2.5 Parental Longevity and Subjective Life Expectancy
Given that parental longevity and subjective life expectancy are closely linked to mortality,
each of these measures are also included in analyses. Parental longevity is comprised of two
measures: mother’s age and father’s age each coded as 1 if 85 years or greater and 0 otherwise.
Subjective life expectancy is measured by asking respondents what they think the probability of
living another 10 years is with a range of 0 to 100 (Hurd and McGarry 2002; Bugliara et al. 2016).
4.3.2.6 Demographics
All models adjust for age, gender, and race and ethnicity.

Race and ethnicity are

categorized as non-Hispanic White (reference), non-Hispanic Black, and Hispanic. Morbidity and
mortality vary by race, ethnicity, and gender (Cunningham et al. 2017; National Center for Health
Statistics 2016; Singh and Jemal 2017). Moreover, studies often find that telomere length is longer
for women than men on average, yet racial and ethnic differences in telomeres are much less clear
(Brown et al. 2017; Diez Roux et al. 2009; Njajou et al. 2009).
4.3.3 Analysis
Cox Proportional Hazards models are used to estimate the effect of childhood exposures
and telomere length on mortality. No violations of the proportional hazard assumption were
observed using Schoenfeld residuals. Multiple imputation with chained equations was used to
handle item-missing data with 20 imputed data sets using information in the full models. Models
also adjust for the complex survey design. Analyses were conducted in Stata version 14.
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4.4

Results

Model 1 in Table 4.2 shows the effects of childhood exposures, demographic
characteristics, parental longevity, adult SES, marital status, adult health behaviors and depressive
symptoms and subjective life expectancy on risk of all-cause mortality. As anticipated, age is
positively associated with all-cause mortality, whereas females and Hispanic adults have a reduced
risk of mortality in comparison to males and White adults, respectively. Moreover, paternal
longevity reduces the risk of mortality. Among the childhood domains, individuals with one
socioeconomic disadvantage during childhood have a lower hazard rate compared to those who
experienced no socioeconomic disadvantage. No individual indicator in the SES disadvantage
domain was associated with all-cause mortality (not shown). Reduced models that adjusted for
demographic characteristics, childhood exposures, and parental longevity only also reveal the
same conclusions (not shown). Adult wealth and being physically active are protective, yet packyears smoking and depressive symptoms are positively associated with all-cause mortality.
Model 2 adds telomere length. Telomere length is not associated with all-cause mortality
and the results from all other variables are unchanged. Given differences in telomere length by
race and gender reported in the literature (Brown et al. 2017; Hunt et al. 2008; Needham et al.
2013), interaction terms between telomere length and race as well as telomere length and gender
are tested in separate equations.
The effect of telomere length does not vary by gender (results not shown); however, Model
3 in Table 4.2 reveals that the association between telomere length and mortality varies by race.
Longer telomeres are associated with higher hazard of mortality for Black adults in comparison to
White adults. Separate models for Black, White, and Hispanic adults that adjust for age and gender
only reveal that longer telomeres are associated with reduced all-cause mortality among White
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adults and increased mortality among Black adults (see Table 4.3). Moreover, after adult health
conditions are included in the model, the interaction term is no longer significant (Table 4.4).
To examine if any one adult health condition completely attenuated the interaction effect,
supplementary analyses added each adult health condition separately (not shown), rather than
altogether as seen in Table 4.4. The interaction term remained significant in each equation,
suggesting no single adult health condition explained this moderating effect (not shown).
In analyses examining the effect of childhood exposures and telomere length on
cardiovascular and cancer mortality, no associations were observed (see Appendix B, Tables B.1
and B.2).

4.5

Discussion

Recently, growing attention has been given to biomarkers as they may offer new avenues
to prevention and intervention. Telomere length is one such biomarker that has been linked to
early life stressors as well as age-related disease. However, this is the first study to the author’s
knowledge that set out to examine telomere length as a potential intermediary between childhood
misfortune and premature mortality. Echoing other studies, no support was found linking telomere
length to adult mortality (Bendix et al. 2013; Martin-Ruiz et al. 2005; Njajou et al. 2009). However,
supplementary analyses revealed that telomere length varies by race. Several studies indicate that
Black adults have longer telomeres than White adults, yet to the author’s knowledge no study has
examined whether the effect of telomere length on mortality varies by race. Perhaps this variation
is one reason for equivocal conclusions regarding the association between telomere length and
premature mortality.
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Results suggest that the difference in the effect of telomere length on all-cause mortality
by race may be explained by adult disease (i.e., after including adult diseases to the model, the
interaction between race and telomere length was no longer significant). More specifically, longer
telomeres have been linked to cancer. Telomerase is an enzyme that adds new DNA onto the ends
of telomeres. Telomerase is not active in most somatic cells, but has increased activity in some
tumor cells which is thought to be the reason behind positive associations between telomere length
and cancer found in the literature (Price et al. 2013; Shay 2016). Studies show that cancer survival
rates are worse for Black adults, indicating later diagnosis and potentially more aggressive tumor
characteristics for some types of cancer (DeSantis et al. 2016; Siegel, Miller, and Jemal 2016;
Warner et al. 2015). Therefore, Black adults may be more likely to be at a later stage of cancer,
with increased telomerase activity, and longer telomeres, resulting in higher mortality than White
adults.
However, analyses found that (1) adding only cancer to Model 3 in Table 4.2 did not
attenuate the effect of the interaction and (2) no association between telomere length and cancer
mortality among White, Black or Hispanic adults. It is plausible that there are other diseases that
increase telomerase activity and are more prevalent among Black adults. It is also possible that
there were too few cancer deaths to detect racial differences. Also worth noting, in comparison to
the full analytic sample described in Chapter 3, the telomere sample described herein is composed
of more Hispanic adults and fewer Black adults, as well as more adults with higher cognition
scores, and higher subjective life expectancy (tested with analysis of variance or χ2 tests). In any
case, a better understanding of telomere dynamics is needed along with how and why telomeres
vary across social groups.
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One of the initial aims of this study was to examine whether telomere length was related
to all-cause, cardiovascular, and cancer mortality. Njajou and colleagues (2009) suggest that
telomere length is not an accurate predictor of survival, but may be more informative of healthy
aging. That telomere length may be positively associated with some diseases and negatively
associated with others also explains why telomere length may not be an ideal biomarker of allcause mortality. However, this study also found no association between telomere length and
cardiovascular or cancer mortality. Critical to the validity of this biomarker is the need for
longitudinal studies as well as measures of telomerase activity.
In addition to examining the effect of telomere length, this study also examined whether
childhood exposures are associated with all-cause, cardiovascular, and cancer mortality. The only
effect observed for childhood exposures was protective: persons reporting one socioeconomic
disadvantage had lower risk of all-cause mortality than persons reporting no SES disadvantage.
Low doses of misfortune have been found to be protective (Seery et al. 2010), and Chen and Miller
(2012) suggest that some children may have adaptive responses to low SES resulting in less
chronic inflammation. Thus, those who experienced one SES misfortune may have gained
psychosocial and other resources to deal with SES and other stressors in adulthood.
4.5.1 Limitations
Several limitations of this study should be noted. First, this study used a measure of
telomere length from cells in saliva. Ingested substances (i.e., vitamins, medication), hygiene, and
mouth trauma could influence cell turnover in the mouth along with telomere length (Mather et al.,
2011). It is unclear what specific types of substances or issues may influence telomere length from
cells in saliva; however, smoking has been closely linked to telomere length and was adjusted for
in the models presented in this study. Cell type cannot yet be cited as the reason for equivocal
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findings in the association between telomere length and mortality since no study to the author’s
knowledge has investigated the association between telomere length taken from saliva and
mortality; the equivocal findings are in studies examining telomere length taken from the same
types of cells (e.g., leukocytes) and all-cause as well as cause-specific mortality (see Needham et
al. 2015).
Moreover, three main points should be noted. First, each type of sample (e.g., blood or
saliva) is composed several different subsets of cells and the average telomere length across
different subsets, or types, of cells should give a more global measure of biological age compared
to telomere length in specific type of cell. Second, telomere lengths of different cell types within
the same individual are highly correlated, whereas there is greater variability in telomere lengths
of the same cell type between individuals (Gadalla et al. 2010; Kimura et al. 2010). Third, health
risks such as smoking are associated with shorter telomeres from blood and saliva samples
suggesting that telomere dynamics across cell type are likely similar (e.g., Bendix et al. 2013; Chen
et al. 2015).
A second type of limitation is related to sample selectivity; recall bias and survivor bias
are potential issues. To address recall bias, the sample was restricted to individuals who did not
use proxies on childhood exposure variables and who had cognition scores greater than two
standard deviations below the mean. Given that the sample is of older adults, the sample may
seem robust—all observed respondents lived at least until the age of 51. Perhaps the association
between telomere length and mortality is more easily observed at younger ages, with more
heterogeneity at older ages. Indeed, studies that report no relationship between telomere length
and mortality use samples of older adults (age 70+) (Martin-Ruiz et al. 2005; Njajou et al. 2009).
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4.6

Conclusion

This study set out to address the conflicting results reported by several studies regarding
the relationship between telomere length and mortality. Similar to others, this study found no
association between telomere length and all-cause, cardiovascular, or cancer mortality. Moreover,
studies on the early origins of health suggest that early life misfortune increases the risk of
mortality, yet this study also found no evidence that childhood exposures increase mortality risk
in this sample of older adults. Perhaps most striking, this study found that telomere length was
associated with lower mortality risk among White adults and higher mortality risk among Black
adults. Although this finding may be a product of variance in the all-cause outcome (i.e., deaths
from multiple causes), more research is needed to elucidate why racial differences in telomere
length are observed and why the relationship between telomere length and mortality varies by race.
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Table 4.1 Descriptive Statistics from the Health and Retirement Study (2008-2014)a n=4,890
All-Cause Mortalityc
Cardiovascular Mortality
Cancer Mortality
Telomere Length
Demographics
Non-Hispanic Black
Non-Hispanic White
Hispanic
Age
Childhood Misfortune
SESd Disadvantage
Risky Parental Behavior
Chronic Disease
Infectious Disease
Impairment
Risky Adolescent Behavior
Parental Longevity
Mom Age 85+
Dad Age 85+
Adult SES Factors
Education
Wealthe
Marital Status
Married
Divorced/Separated
Widowed
Never Married
Adult Health Lifestyle
Pack-Years Smoking
Heavy Drinking
Physical Activity
Body Mass Index
Adult Health
Depressive Symptoms
Cancer
Lung Disease
Heart Disease

S.D.b

Range
0,1
0,1
0,1
0.229-1.999

Mean
0.165
0.051
0.050
1.284

0.270

0,1
0,1
0,1
50-99

0.120
0.784
0.096
69.265

9.693

0-2
0-2
0-2
0-2
0-2
0-2

1.077
0.878
0.374
1.752
0.213
0.092

0.816
0.666
0.632
0.556
0.475
0.326

0,1
0,1

0.337
0.204

0-17
-8.193-33.686

12.703
6.137

0,1
0,1
0,1
0,1

0.663
0.120
0.198
0.029

0-248
0,1
0,1
15-50

15.058
0.023
0.283
27.850

25.233

0-8
0,1
0,1
0,1

1.353
0.168
0.115
0.273

1.919

3.050
3.924

5.463

100
Table 4.1 continued
Diabetes
Stroke
Subjective Life Expectancy
a

0,1
0,1
0-100
b

0.214
0.067
49.719

31.565
c

For those who have telomere data (n=4,890); S.D. is standard deviation; All-cause, cardiovascular, and cancer

mortality are observed from 2008-2014; dSES is socioeconomic status; eCube root of wealth in 1,000s

Table 4.2 Cox Regression Models of Childhood Misfortune Predicting All-Cause Mortality (2008-2014)
H.R.
Demographic Characteristics
Age
Female
Black
Hispanic
Parental Longevity
Mom Age 85+
Dad Age 85+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Infectious Disease
2+ Infectious Diseases
1 Chronic Disease
2+ Chronic Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors
Adult SES
Education
Wealth

a

Model 1
C.I.b

Model 2
H.R.

Model 3
C.I.

H.R.

C.I.

1.094 ***
0.661 ***
1.065
0.652 *

1.084-1.104
0.553-0.790
0.845-1.343
0.440-0.968

1.094 ***
0.662 ***
1.073
0.651 *

1.083-1.104
0.553-0.792
0.850-1.354
0.439-0.965

1.094 ***
0.661 ***
0.317
0.943

1.083-1.104
0.552-0.791
0.092-1.089
0.270-3.295

0.987
0.773 *

0.843-1.156
0.625-0.955

0.990
0.774 *

0.844-1.160
0.625-0.957

0.987
0.772 *

0.842-1.156
0.625-0.953

0.775 *
0.874
0.907
0.834
0.862
0.975
0.878
0.866
0.908
1.054
1.118
0.384

0.639-0.940
0.706-1.081
0.752-1.093
0.636-1.094
0.598-1.244
0.739-1.287
0.731-1.054
0.635-1.181
0.758-1.088
0.670-1.659
0.810-1.545
0.143-1.029

0.774 *
0.872
0.905
0.832
0.864
0.975
0.877
0.868
0.912
1.067
1.117
0.379

0.638-0.939
0.705-1.078
0.751-1.091
0.635-1.090
0.600-1.244
0.739-1.287
0.731-1.052
0.638-1.183
0.761-1.092
0.680-1.675
0.809-1.543
0.141-1.018

0.772 *
0.869
0.903
0.830
0.863
0.976
0.866
0.860
0.910
1.052
1.120
0.381

0.637-0.937
0.701-1.076
0.750-1.088
0.634-1.088
0.598-1.247
0.738-1.291
0.723-1.039
0.633-1.169
0.759-1.090
0.672-1.647
0.809-1.551
0.143-1.015

0.997
0.940 ***

0.971-1.024
0.914-0.966

0.997
0.940 ***

0.970-1.024
0.914-0.966

0.996
0.941 ***

0.969-1.024
0.916-0.967
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Table 4.2 continued
Marital Status
Divorced
Widowed
Never Married
Adult Health Lifestyle
Physical Activity
Heavy Drinking
Body Mass Index
Pack-Years Smoking
Depressive Symptoms
Subjective Life Expectancy
Telomere Length
Race*Telomere Length
Black
Hispanic
F
a

1.168
1.003
1.360

0.903-1.511
0.832-1.210
0.887-2.085

1.168
1.005
1.366

0.903-1.512
0.833-1.211
0.892-2.091

1.186
1.011
1.367

0.916-1.534
0.838-1.218
0.892-2.094

0.408 ***
1.586
0.993
1.007 ***
1.100 ***
0.996 **

0.311-0.534
0.934-2.694
0.975-1.011
1.005-1.009
1.063-1.140
0.993-0.998

0.407 ***
1.584
0.993
1.007 ***
1.100 ***
0.996 **
0.886

0.311-0.533
0.933-2.691
0.975-1.011
1.005-1.009
1.062-1.139
0.993-0.998
0.712-1.101

0.408 ***
1.586
0.993
1.007 ***
1.100 ***
0.996 **
0.794

0.311-0.536
0.935-2.691
0.975-1.011
1.005-1.009
1.062-1.140
0.993-0.998
0.607-1.038

2.498 *
0.735
68.44 ***

1.013-6.162
0.268-2.019

43.75 ***

44.26 ***

b

H.R. is hazard rate; C.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001
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Table 4.3 Cox Regression Models Predicting All-Cause Mortality (2008-2014) Among Black, White, and Hispanic Adults

Age
Female
Telomere Length
F
a

Black Adults (n=489)
H.R.a
C.I.b
1.091 ***
1.067-1.115
0.618 *
0.420-0.905
2.085 *
1.012-4.293
22.03 ***

White Adults (n=3,833)
H.R.
C.I.
1.102 ***
1.092-1.113
0.713 ***
0.620-0.819
0.733 *
0.547-0.981
153.32 ***

Hispanic Adults (n=468)
H.R.
C.I.
1.077 **
1.033-1.123
0.698
0.367-1.329
0.385
0.119-1.245
14.82 ***

H.R. is hazard rate; bC.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001
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Table 4.4 Cox Regression Model of Childhood Misfortune Predicting All-Cause Mortality (20082014)
Demographic Characteristics
Age
Female
Black
Hispanic
Parental Longevity
Mom Age 85+
Dad Age 85+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Infectious Disease
2+ Infectious Diseases
1 Chronic Disease
2+ Chronic Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors
Adult SES
Education
Wealth
Marital Status
Divorced
Widowed
Never Married
Adult Health Lifestyle
Physical Activity
Heavy Drinking
Body Mass Index
Pack-Years Smoking
Depressive Symptoms
Subjective Life Expectancy
Telomere Length

H.R.a

C.I.b

1.089 ***
0.690 ***
0.365
1.185

1.078-1.100
0.578-0.824
0.107-1.242
0.334-4.204

1.025
0.800 *

0.869-1.208
0.643-0.996

0.788 *
0.868
0.893
0.811
0.842
0.964
0.836 *
0.776
0.888
0.909
1.092
0.407

0.643-0.964
0.701-1.076
0.741-1.072
0.621-1.054
0.571-1.240
0.725-1.283
0.702-0.994
0.571-1.054
0.731-1.077
0.582-1.419
0.790-1.509
0.154-1.079

0.997
0.951 **

0.969-1.208
0.926-0.978

1.189
1.043
1.381

0.942-1.500
0.866-1.255
0.895-2.131

0.420 ***
1.714
0.981 *
1.005 ***
1.082 ***
0.997 *
0.803

0.321-0.551
0.999-2.940
0.963-0.999
1.003-1.008
1.046-1.120
0.995-1.000
0.610-1.106
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Table 4.4 continued
Adult Health Conditions
Cancer
Heart Disease
Lung Disease
Diabetes
Stroke
Race*Telomere Length
Black
Hispanic
F
a

H.R. is hazard rate; bC.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001

1.374 **
1.272 **
1.825 ***
1.338 **
1.329 **

1.131-1.668
1.091-1.483
1.565-2.128
1.097-1.633
1.090-1.621

2.306
0.693
72.85 ***

0.928-5.730
0.249-1.930
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CHAPTER 5.

5.1

CONCLUSION

Summary and Discussion of Findings

Several studies have uncovered a link between early life exposures and a broad range of
pathologies in later life. Given the pluripotent effect of childhood events and experiences, a large
part of this research focused on biological aging, asking whether childhood exposures have an
impact on a more general, holistic measure experienced by all individuals, but at different rates.
Thus, this dissertation slightly shifts focus from the early origins of disease to aging and mortality.
In doing so, attention is given to the “long-arm” of childhood events and experiences. Framed by
CI theory, in addition to examining effects of childhood exposures, this dissertation also examined
effects by race and gender, indirect pathways, family lineage, and perceptions of life expectancy.
Cumulative inequality theory maintains that “the imprint of early life is substantial”
(Ferraro and Shippee 2009, p. 338). Indeed the studies in this dissertation found that several
childhood exposures influence aging and mortality, yet in distinct ways. Traditionally, early
origins of health studies focus on adverse, or toxic, insults (Felliti et al. 1998). This study
investigated a wider range of misfortunes, including several that were less severe, but are generally
thought to have a broad impact on adult health. Examples include childhood socioeconomic
disadvantage, poor health, and impairments (Cohen et al. 2010; McLoyd 1998; Palloni et al. 2009).
Except for chronic diseases, every domain of childhood misfortune was associated with telomere
length and/or mortality, but the direction of the effect was not always consistent. These two points
underscore the importance of examining several domains of exposures rather than focusing on
only one or adding up several domains as researchers have commonly done in the past (Brown et
al. 2009; Surtees et al. 2011).
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Most of the research examining the early antecedents of biological aging, as measured by
telomere length, find that noxious adversities and cumulative adversities (ACE scores) are linked
to shorter telomeres in adulthood (Keicolt-Glaser et al. 2011; O’Donovan et al. 2011; Puterman et
al. 2016; Surtees et al. 2011; Tyrka et al. 2010; Tyrka et al. 2016). Therefore, it was anticipated
that arguably the most severe misfortune studied (i.e., risky parental behavior) would reduce
telomere length. Indeed, risky parental behavior was associated with older biological age, albeit
in somewhat different ways for men and women.
There are likely biological, psychological, and social pathways that tie early adversity to
biological aging. For instance, in line with the fetal development thesis, substance abuse by a
parent could alter the development of a child if it occurs during a critical period (i.e., prenatally,
or via breast feeding or early inhalation) (Behnke and Smith 2013). Psychosocially, risky behavior
may be learned from parents or engaged in as a way to cope with harmful events and experiences.
Indeed, Study 1 found that women whose parent smoked, smoked more pack-years in adulthood,
which was associated with shorter telomeres.
Risky adolescent behaviors also were linked to shorter telomeres for men, yet only before
adjusting for adult health behaviors and lifestyle. This suggests that risky adolescent behaviors
may lead to risky adult health behaviors that impact telomere length—potentially a chain of risk
(Ben-Shlomo and Kuh 2002). Studies have shown that adolescent depression16 and behaviors such
as smoking are closely linked (Brown et al. 1996) and that similar harmful behaviors are associated
with shorter telomeres (Bendix et al. 2013; Du et al. 2012; Needham et al. 2013).
Risky adolescent behaviors also increased the risk of cardiovascular mortality. Moreover,
this effect was only found if the individual reported two or more risky adolescent behaviors,

16

The risky adolescent behavior domain includes four indicators: childhood depression, other psychological issues,
substance abuse, and trouble with the police.
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suggestive of a threshold effect. It may be that individuals who have mental health issues are
predisposed to cardiovascular complications in later life or that those who partake in risky behavior
early in life, continue to engage in risky activities. In a study motivated by understanding the early
origins of cardiovascular disease, researchers found that common health risks to cardiovascular
health (i.e., smoking, physical activity, and diet) tend to develop and stabilize at early ages (Kelder
et al. 1994). However, the effect remained significant even after adjusting for these types of health
behaviors. Other risky behaviors that are not measured in the HRS may partially account for the
link between risky adolescent behaviors and cardiovascular mortality such as drug use, sexual
behavior, and other thrill-seeking behaviors.
The effect of risky adolescent behavior on cardiovascular mortality also remained after
including adult health conditions and was surprisingly larger than the effects of stroke and heart
problems. Since adult conditions are measured as self-reports of ever being diagnosed, it is
possible that those who engaged in risky behavior in adolescence were less likely to see a doctor
and thus less likely to be diagnosed before death. Taken together, these findings offer clear targets
for intervention, but perhaps even more paramount, they offer clues to guide prevention strategies.
For instance, concentrating efforts to reduce risky parental and adolescent behaviors or
alternatively, promote positive parenting and better address adolescent mental health may be apt
starting points for initiatives focusing on healthy aging.
Among other types of exposures, childhood socioeconomic disadvantage raised the risk of
all-cause and cardiovascular mortality. This association was completely attenuated after adult
socioeconomic factors were in the model, as others have found (Beebe-Dimer et al., 2004;
Hayward and Gorman 2004; Kilpi et al. 2017; Pudrovska and Anikputa 2012). Although it is easy
to see how early socioeconomic status would be related to adult socioeconomic status, this does
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not by itself explain the relationship to mortality. Besides the means to purchase goods and
services, socioeconomic status is related to health by its association with health habits, diet, social
relations, cognitive skills, and physical environment (Cohen et al. 2010; Preston and Taubman
1994). Socioeconomic factors are considered a fundamental cause of disease given their influence
on multiple diseases, through multiple risk factors, capability to be used to avoid risks, and are
reproduced over time (Phelan, Link, and Tehranifar 2010).
Potentially suggestive of a threshold effect, only when two or more childhood SES
disadvantages were experienced was there a significant association with mortality. However, in
Study 3, analyses on the smaller sample of adults with telomere data revealed that one childhood
SES disadvantage in comparison to none reduced the risk of all-cause mortality. In a large study
of Japanese adults aged 65+, childhood socioeconomic disadvantage decreased the risk of
mortality among men (Tani et al. 2016). The authors argue that this could be due to selective
survival where individuals who survived disadvantage earlier in life represent a hardy group of
individuals. The sample used in Study 3 is a smaller sample (n=4,890) than the sample used in
Study 2 (n=13,470) and may be a slightly more robust sample despite the time difference (i.e.,
Study 2 baseline is 2004 whereas Study 3 baseline is 2008). The telomere sample used in Study 3
was comprised of more Hispanic and fewer Black adults, individuals with higher cognition scores,
and individuals who reported higher subjective longevity compared to the larger sample used in
Study 2.17
Another childhood exposure found to impact all-cause mortality was childhood infectious
disease. As anticipated, this exposure reduced the risk of all-cause mortality. Other researchers
have also found childhood infectious diseases to be protective to later life health and functioning

17

All 2004 and 2008 variables used in the full models were tested across samples using analysis of variance or χ 2.
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(Kemp et al. 2018; Smith et al. 2016), a phenomenon referred to as acquired immunity (Preston,
Hill, and Drevenstedt 1998). Briefly, exposure to viruses elicit the immune process, whereby
antibodies are produced in response to an antigen. The antigen is remembered and subsequent
responses to the antigen are more quick and efficient. The immune response may not be as efficient
if infections occur later in life, thus building the immune memory early in life has long lasting
benefits. However, antagonistic pleiotropy is possible, whereby a latent reactivation of the virus
causes complications later in life (e.g., shingles). It should also be noted that virulence varies and
the infectious diseases measured in this research (i.e., measles, mumps, and chicken pox) are
typically manageable.
Greatly lacking in early origins of health literature is attention to potential differences in
experiences and health trajectories, especially by race and ethnicity (Ferraro et al. 2017). As a
preliminary step to examining diverging experiences by race and ethnicity, this dissertation also
investigated the moderating effect of race and ethnicity in the association between childhood
exposures and biological age as well as mortality. Two unexpected findings were revealed.
Childhood impairment and infections were associated with younger biological age for Black
women in comparison to White women. Although explanations were given earlier and are also
discussed later in this chapter, these findings call for further investigation of racial variation in the
early origins of health research. Perhaps those who experience mild stressors early in life learn to
be cautious towards other potential risky events and situations, especially if the person holds one
or multiple social statuses that already impose somewhat of a cautious attitude.
Along with emphasis on childhood conditions, CI theory discusses the importance of
family lineage (Ferraro and Shippee 2009). The theory maintains that family lineage is critical for
transmission of genes as well as shared living environments. Genes likely play some part in aging
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and longevity, most likely through modulating the risk for diseases. However, some scholars
estimate that less than one-third of the variation in life span among individuals is attributable to
genetic factors (Waters and Kariuki 2013). This means that there is a great deal of plasticity in
longevity, and perhaps even more so in aging, underscoring the importance of lifestyle including
both internal and external environments (Waters and Kariuki 2013). Not only are environments
shared during childhood, but they likely are reproduced through generations. For instance, some
beliefs, behaviors, tastes, and social statuses may be shared intergenerationally. Examples may
include dietary habits and food preferences, ideas about health and the affinity for (or lack of)
seeing a doctor routinely or when needed, religious beliefs and their association to health behaviors,
beliefs and practices regarding hygiene, smoking and drug use behavior, as well as occupation
type, social networks, and other factors associated with SES.
This research used parental longevity as an indicator of family lineage. Parents who live
to notable ages likely had a combination of hardy genetic factors as well as other social and
psychological factors that enabled them to live to notable ages. Respondents whose mothers lived
at least until the age of 80,18 were biologically younger and at a reduced risk of death in comparison
to respondents whose mothers had not yet reached 80 or died before the age of 80. This is in line
with the grandmother hypothesis, proposing that post-reproductive lifespan is expanded among
women in order to “increase their fitness through assisting their own offspring to reproduce
successfully” (Lahdenperä et al. 2004, p. 178). So, not only can shared environments be beneficial
in early life, but also later life when mothers provide resources to their adult children. The maternal
longevity effect was attenuated after adding adult socioeconomic factors in the all-cause mortality
models and after adjusting for adult health conditions in the models predicting cardiovascular

18

The baseline for Chapter 3 was 2004 and parental longevity was measured as living at least until age 80. The
baseline for Chapters 2 and 4 was 2008, thus parental longevity was measures as living at least until the age of 85.

112
mortality. This suggests that the maternal longevity advantage may operate through SES factors
and/or health conditions. In the case of SES factors, perhaps mothers encourage their children to
continue with their education or provide resources that enable some sort of socioeconomic success.
For cardiovascular mortality, it may be that a genetic predisposition for cardiovascular issues links
maternal longevity to disease, which then predicts cardiovascular mortality.
Mother’s longevity is likely tied to biological aging, whereas father’s longevity may be
more closely linked to all-cause mortality. In predicting all-cause mortality, father’s longevity—
but not mother’s—decreased the risk of death even after adjusting for adult SES, health behaviors,
and health conditions. The effect of maternal longevity is usually more robust than the effect of
paternal longevity on mortality (Dutta et al. 2013; Vågerö et al. 2018). There are two possible
explanations for this paternal longevity effect in the absence of a maternal longevity effect. First,
fathers of the sample were born as early as the 1880s and as late as 1935,19 growing up around the
time of WWI, the great depression, or WWII, during and shortly after the second industrial
revolution. These men likely faced several new occupational hazards and many probably fought
in war. Thus, those who lived at least until the age of 80 were likely a select group—perhaps even
more so than women. Second, gendered norms of the time defined the father’s role as breadwinner,
usually with control over some SES factors such as income. Older fathers may have offered
socioeconomic resources to their adult children that were not reflected in their adult children’s
own SES. Taken together, parental longevity is important for aging and mortality, through shared
genes, environments, and resources provided into later life.
CI theory also declares the importance of perceptions in influencing trajectories. Building
upon this axiom, Schafer and colleagues (2011) found that childhood misfortune influences the

19

HRS respondents were born between 1906 and 1953.
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perceptions of the past as well as the future; individuals who faced early adversity view the past
negatively, but had rising expectations of the future. Unfortunately, even with higher expectations
for the future, these expectations were not met. The authors explain this finding by what they call
biographical structuration, defined as “the constraining influence of a person’s past for his or her
present and future life chances” (Schafer et al. 2011, p. 1081). Although no formal tests were
conducted, this research had a similar motivation and examined whether individuals perceptions
of aging, as measured by subjective life expectancy, corresponded to their mortality risk. Findings
revealed that increasing subjective probability of living another ten years was associated with a
reduced risk of all-cause and cardiovascular mortality.
In supplementary analyses (not shown), the impact of childhood exposures was probed,
but no evidence was found that childhood exposures influence the association between subjective
life expectancy and mortality risk. The effect size of subjective life expectancy does not change
when childhood exposures are in the models and no interaction between subjective life expectancy
and childhood exposure was significant. Depending on the type, onset, duration, and magnitude
of an exposure, an individual may form positive or negative perceptions of the future which may
then be actualized. In some instances, despite an optimistic outlook, individuals may still be held
back (e.g., biographical structuration) and in other instances they may be propelled forward and
out of a disadvantage position (e.g., shift and persist). It would be worthwhile to further investigate
the early impact of misfortune on perceptions of aging, health, and well-being, and how those
perceptions may influence subsequent perceptions and action.
Most of the findings discussed thus far were anticipated at the beginning of the studies.
This research also found several unexpected associations, namely, protective effects of childhood
exposures. Each study comments on ways to make sense of these findings; however, a more
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thorough discussion is warranted. First, it is important to discuss risks and resources in greater
detail. As mentioned, the term exposure is primarily used rather than risk, insult, or adversity;
exposure is an umbrella term that covers events and experiences of various magnitudes. Whereas
some adversities are so atrocious that they are not disputed (e.g., sexual abuse), others that are less
acute may not be perceived as an adversity or misfortune. CI theory draws attention to perceptions
in understanding when ‘disadvantage does not accumulate’ (Schafer, Shippee, and Ferraro 2009).
Extensions of the theory differentiate disadvantage and adversity where disadvantage is defined
by an unfavorable position in the social hierarchy and may or may not be perceived as adversity
(Schafer et al. 2009). If an exposure is perceived as adversity, then the individual may attempt to
respond in ways that are adaptive or resilient.
Other important elements of an exposure include onset and duration (Ferraro and Morton
2018; Ferraro and Shippee 2009). Onset during a critical point in development may leave
permanent damage whereas onset during a sensitive period allows for more plasticity. Moreover,
the longer time exposed, the more difficult a risk is to endure. Another element worth mentioning
is frequency. An event or experience may not last long, but may occur often, with each time period
potentially drawing a slightly new context. Although information on magnitude, frequency,
duration, and onset of exposures was not available in the HRS, some assumptions can be made at
least about the magnitude. Perhaps those who reported one impairment, one risky parental
behavior, or one SES disadvantage did not perceive those exposures as unfavorable20 or were able
to respond in an adaptive or resilient manner.

20

In Study 2, one risky parental behavior was associated with reduced all-cause mortality and one impairment was
associated with reduced cardiovascular mortality. In Study 3, one SES disadvantage was associated with all-cause
mortality.
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When describing risks, it is also important to discuss resources. Resources can be internal
(e.g., psychological traits) or external (e.g., wealth) and may be endowed at birth (e.g., genetic
factors). However, even if a person has resources to handle a risk, the risk may still affect the
person; resources may or may not be activated, reconfigured, or mobilized to deal with a stressor
(Schafer et al. 2009). At low doses, people may be more likely to manage a perceived risk and in
doing so, may gain insight to strategies for managing other issues. For instance, those with a
childhood impairment may not engage in certain activities that could put them at risk and instead
engage in safer activities. In a similar line of reasoning, some children may learn early strategies
of selective optimization with compensation (Baltes and Baltes 1990). There are many other ways
in which, and theories to describe why, early exposures could lead to adaptive or resilient responses.
Preston and colleagues (1998) thoughtfully presented a typology of relations between
mortality risks in childhood (i.e., childhood exposures) and mortality risks in adulthood,
identifying the type of association (i.e., direct and/or physiological vs. indirect and/or associational)
as well as the direction (i.e., positive or negative). They briefly explore ways in which early risks
may be protective later in life, but the connections they make are mostly biological. Beyond the
indirect effects that Preston et al. (1998) described, several theories have discussed other ways in
which childhood exposures may indirectly affect adult morbidity and mortality.

Using

sociological, social psychological, gerontological, and life course theories, I have attempted to
build upon the typology presented by Preston et al. (1998). There are many other ways the
typology could be arranged, potentially with more accurate descriptions and examples; however,
steps toward bridging fields of research and examining how theories explain similar or different
types of associations are needed in order to develop more comprehensive models and identify gaps
in need of conceptual framework development.
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Table 5.1 shows a similar categorization to Preston and colleagues’ (1998) with two
additional categories of indirect effects. Preston et al. (1998) discussed indirect effects that are
associational relationships as well as ascribed at birth and fairly stable across the life course. The
two additional categories of indirect effects include pathways and mechanisms that allow for
variability over time and between individuals. The two appended categories are differentiated by
whether the theoretical focus of the pathways or mechanisms operate mostly internally or mostly
externally to the individual. Internal pathways and mechanisms are mostly explained by biological,
psychological, and social psychological theories and theses, whereas the external pathways and
mechanisms are explained by social psychological and sociological theories and theses. Although
social psychological theories are in both categories, they can be separated by whether the focus is
on the individual (internal) or the relationship between the person and the broader social context
(external).
Table 5.1 includes the type of relationship with mortality risk, direction of the relationship,
relationship description, and an example.

The categories describing direct and indirect

associational relationships are taken from Preston et al. (1998). A direct positive association is
often referred to as scarring and is described as an early life risk that directly influences the risk of
death in later life. This type of association has been the focus of the developmental origins of
disease, or fetal programming, hypothesis that has been detailed by much of David Barker’s
research (Barker 1995).

Other examples include the effects of pharmaceutical drugs on

development in utero such as thalidomide. A direct negative association is one where an early life
risk results directly in later life protection. The example given by Preston et al. (1998) is acquired
immunity which was described earlier. These direct effects are also determined by the timing.
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Direct damage caused by a risk that is apparent into adulthood, likely occurred during a critical
time of development, causing permanent changes in the body.
The next two types of relationships are indirect and attributable to a common association
with other variables. A positive indirect and associational relationship on mortality is described
by Preston et al. (1998) as “correlated environments”. The example given is socioeconomic and
personal characteristics that are acquired early in age and more or less persist across the life course.
A negative indirect and associational relationship on mortality occurs from selection and is
described as genetic or congenital traits that increase survival early and later in life. Although
Preston et al. (1998) differentiate the two indirect associational effects by the factors involved as
being either environmental or individual level factors, both types of factors are derived from family
lineage. As described by CI theory, family lineage is critical for the transmission of genes and
shared living environments. Moreover, family lineage may be a source of inequality, thereby
prompting negative indirect associational relationships to adult morbidity and mortality for some
individuals and positive indirect associational relationships for others (Ferraro and Shippee 2009).
An indirect positive relationship on mortality characterized as a pathway or mechanism-rather than associational--internal to the individual could be described generally as maladaptive
regulation. An example of maladaptive regulation commonly used in the early origins of health
research is dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis. This pathway is
sometimes referred to specifically or in the broader context of biological embedding (Hertzman
and Boyce 2010). The HPA axis regulates the stress response process. However, if the onset of
extreme stress is experienced early in life (i.e., during a critical period) and the duration is
prolonged, the HPA axis becomes hyperactive, potentially damaging organs and increasing
vulnerability to disease (Hertzman and Boyce 2010). Other examples of this type of relationship
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include gene-environment interactions and epigenetic mechanisms such as methylation, altered
neurological development, and cognitive processing mechanisms such as effective emotion
regulation and attention control (Pollak 2011). These examples are biological in nature, thus the
response to the stressor occurs in a non-conscious manner.
An indirect negative relationship on mortality whereby pathways occur internal to the
individual can be described generally as adaptive regulation. This could occur in several ways.
Since the focus is on childhood, it should be brought to attention that several internal systems are
being developed as children learn how to navigate the social world. Thus, theories of identity and
affect could be applicable in understanding how children give meaning to adverse situations
(Burke and Stets 2009; Heise 1987). One such model has been proposed specifically to aid in
understanding how children who face misfortune may overcome that hardship. Chen and Miller
(2012) discuss the importance of role models in helping children develop shift and persist
strategies—respectively, accepting the stress and finding meaning and optimism. The authors
argue that shift and persist strategies are adaptive for individuals who face SES disadvantage in
childhood, yet these strategies could also be useful for dealing with other exposures of similar
magnitude (Chen and Miller 2012).
The next categorization is specific to pathways or mechanisms external to the individual,
or guided by theories that are concerned with behavior and interaction. A common indirect
positive relationship on mortality described by life course theories including CI theory is risk
accumulation. Although risk accumulation may occur with uncorrelated insults or correlated
insults (i.e., associational), several scholars also discuss chains of risk (Ben-Shlomo and Kuh 2002;
Ferraro and Morton 2018). CI theory draws attention to the multidimensionality of life domains
and states that risks in one domain may spill over into other domains. Extensions of CI theory
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have given further attention to what is meant by accumulation, detailing how risk might
accumulate (or de-accumulate) with focus given to non-linearities. More specifically, early
exposures may spur other exposures or influence actions and interactions that are directly (e.g.,
smoking) or indirectly (e.g., divorce) linked to health (Ferraro and Shippee 2009; Pearlin et al.
1981). Moreover, pathways also depend on resources available to manage the risk as well as how
people perceive risks—do they see the exposure as a risk and how do they judge its magnitude
(Ferraro and Shippee 2009)?
Many theories also lay a framework for understanding indirect negative relationships with
pathways external to the individual—relationships whereby early insults are not associated with
or are protective to adult heath by way of the individual’s actions. Some researchers describe
different types of compensatory mechanisms that may lead to beneficial outcomes. For instance,
Ferraro and Kelley-Moore (2003) discussed risk-factor elimination and countervailing
mechanisms. Often when presented with a stressor, individuals feel the need to take action,
whether that means escape, counteract, or somehow take control of the situation. Building upon
this, CI theory maintains that individuals may be able to activate, reconfigure, and/or mobilize
their resources (Shafer et al. 2009). However, because of the constraints of social structure, efforts
may fall short (Schafer et al 2011). In any case, individuals may be able to choose to behave in a
salutogenic manner.
Finally, just as genes, environment, and chance play important roles in aging (Waters and
Kariuki 2013), chance may also play a role in whether a person faces harmful outcomes due to
early exposures or is able to escape such outcomes. External factors unrelated to the individual
may modify the risk or the resources, mitigating or aggravating the risk or operating
pathways/mechanisms. Therefore, the broader context—social, environmental, and temporal—
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should be taken into account while also being mindful that risks, resources, and perceptions change
over time.
Although Table 5.1 offers only a few examples of ways to understand associations between
childhood exposures and later life health, several of the theories and ideas discussed can be applied
to findings that at first seem counterintuitive. Moreover, Table 5.1 integrates theories from
different fields in order to help explain various associations between early life exposures and later
life health, also giving attention to the level in which associations may occur. Several of these
theories—as well as many others not mentioned—can and should be used together to explain
processes that may occur at multiple levels (biological, psychological, and social) such as those
related to aging.
This dissertation found that some exposures provided protective effects, but only when one
event or experience within the domain was perceived; there is little evidence of protective effects
associated with toxic stressors during childhood. This suggests that if similar types of events or
experiences do not cluster together and are not severe in magnitude, perhaps the exposure is
manageable and even beneficial. From a policy standpoint, this of course does not suggest that
negative experiences should be planted into children’s lives. On the contrary, many children
already face difficult conditions or adverse situations. Thus, research is needed to elucidate how
pathways and mechanisms unfold in a way that favors health over the life course, and this is the
information needed to inform policy. Drawing from theoretical perspectives and empirical
research, perhaps some promising initiatives include promoting positive parenting, building selfefficacy, and teaching strategies to compensate in a healthy manner as well as reconfigure and
mobilize resources.
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5.2

Data Limitations

Each study acknowledges specific limitations; however, there are four data limitations I
would like to discuss in further detail. First, a limitation for all three studies is recall bias. The
samples are of adults aged 51 and over who are asked to remember back to before they were 18
years old. This means that respondents had to think back 30 to possibly 90 years. In their
assessment of the validity of retrospective reports of childhood adversity, Hardt and Rutter (2004)
found that bias most often takes the form of false negatives; false positives are rare. This suggests
that reports of childhood exposures from the HRS are likely conservative. To address this potential
issue, however, samples excluded individuals who had cognition scores less than 2 standard
deviations below the mean. In addition, Vuolo and colleagues (2014) suggest adjusting models
for variables associated with changes in retrospective reports such as memory and socioeconomic
resources. All models adjusted for socioeconomic factors and preliminary analyses also adjusted
for memory; however the latter was removed for parsimony as it did not alter conclusions.
The second limitation concerns the childhood exposure domains. Other types of childhood
exposures have been identified and well-studied, but were not available for inclusion in this
research. Although the risky parental behavior domain includes parental physical abuse and
substance abuse, there are no measures in the HRS of other forms of abuse, neglect, household
dysfunction, or family dynamics. Especially in ACE studies, these types of adversities have been
linked to telomere length as well as mortality risk among adults (respectively: Surtees et al. 2011;
Brown et al. 2009). Moreover, additional indicators within each domain would allow for easier
observation of non-linearities. Despite fewer measures of severe adversity, this research took
advantage of the breadth of information on childhood health, revealing that infectious diseases and
impairments may lead to biological or psychosocial resilience.
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The third limitation is the measurement of telomere length. For this study, telomeres were
measured from cells in saliva which include buccal epithelial and white blood cells (leukocytes).
Telomere biomarker studies often isolate telomeres from leukocytes or measure telomeres from
peripheral blood mononuclear cells which include leukocytes and dendritic cells. Thus comparing
across studies is more complicated because the measures are different (i.e., buccal cell telomere
length vs. lymphocyte telomere length), and some substances may threaten the integrity of the
measure given that these cells are in saliva (i.e., smoking).
In defending the use of telomere length captured from saliva, however, three points are
important to discuss. First, sample types (e.g., blood or saliva) are usually composed of multiple
cell types and the average telomere length across cell types is thought to represent a more global
measure. Similarly, focusing on one cell type likely offers information on the aging process of the
system the cell is related. For instance, measuring telomeres from leukocytes provides biological
information on the functioning of the circulatory system. Second, there is much more variability
in telomere length between individuals than there is variability in telomere length from different
cell types within an individual (Kimura et al. 2010). Third, in studies examining the effect of early
life conditions on telomere length among children, similar conclusions are reached when using
samples of saliva and samples of blood (Drury et al. 2012; Drury et al. 2014; Mitchell et al. 2014;
Theall et al. 2013). Therefore, even though telomeres measured from saliva may have slightly
more error, they are still adequate measures of biological aging.
The fourth limitation worth mentioning is that only one measure of telomere length was
available. Some studies show that telomeres elongate over time (Epel et al. 2009). Telomere
lengthening is likely to occur if the enzyme telomerase is activated. Thus, more time points of
telomere measures are needed along with measures of telomerase activity.

Understanding
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telomere dynamics over time would likely help explain some of the anomalous findings. Epel and
colleagues (2009) found that baseline telomere length was associated with cardiovascular mortality
for women and not men; however, telomere shortening predicted cardiovascular mortality for men.
The authors suggest that the men in the sample were relatively healthy and “may be more selected
for having some underlying resiliency toward age-related diseases than would be true for the
women” (Epel et al. 2009, p. 83). Additionally, those with longer telomeres tended to have greater
shortening over time. This suggests that the relatively healthy men with longer telomeres who
ended up getting cardiovascular disease, had a more dramatic change in telomere length over time.
Perhaps similar dynamics occur by race. In any case, more research with repeated telomere
measures as well as intervention studies are needed to gain a better understanding of telomere
dynamics.
Even with these limitations, the HRS is an excellent source of data. The large sample size,
impressive response rates, oversamples of racial and ethnic minorities, and longitudinal model
make the HRS one of the top data sets for studying older adults in the U.S. Moreover, the HRS
surveys respondents on a wide range of topics, enabling interdisciplinary research.

5.3

Future Directions

With the work of hundreds of scholars over the last several decades, a link between early
life exposures and later life health has been established.

New directions are concerned with

integrating biomarkers to examine the physical and long-lasting changes associated with early
misfortune, as well as understanding how early events and experiences are able to shape
trajectories into later life. This dissertation added to the current literature by investigating the
impact of early exposures on biological aging as measured by a biomarker of aging, examined
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pathways by which early exposures are linked to aging and mortality, and by giving attention to
domains uncovering which types of exposures are linked to aging and mortality, in what dose, and
for whom.
Guided by the advances being made, there are several future directions for research on the
early origins of health and aging. First, empirical research should narrow in on understanding the
elements of exposures. This dissertation concentrated on two main elements--examining the type
of exposure as well as the dose, both of which tap into magnitude (e.g., respectively: risky parental
behavior vs. infectious disease; one risky parental behavior vs. two or more) and aspects of
accumulation (e.g., respectively: accounting for several domains and multiple (0, 1, 2+) exposures
within each domain). However, data and research are needed to investigate duration, frequency,
and perhaps most importantly, perceptions of the impact of exposures. A unique study by Surtees
and Wainwright (2007), investigated the impact of adversity as well as the time taken to recover
from the events and experiences and revealed variation by gender. Instead of measuring the
duration of the event, the authors examined the duration of recovery, underscoring the fact that
adaptation and resilience are processes (Surtees and Wainwright 2007). More information and
research is needed concerning the perceived impact or severity of exposures, duration of exposures,
and duration of recovery.
Second, studies are needed to test the mechanisms by which individuals organize and use
resources to handle insults. This dissertation focused on uncovering chains of risk by investigating
which childhood exposures were related to adult risks and resources that influence aging and
mortality. There are several other pathways and mechanisms by which childhood exposures
increase biological age and mortality risk as discussed earlier. For instance, research is needed to
probe what types and how strategies are used to shift and persist (Chen and Miller 2012), eliminate
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and countervail risks (Ferraro and Kelley-Moore 2003), and activate, reconfigure, and mobilize
resources (Schafer et al. 2009). Literature will also benefit from qualitative studies in examining
and understanding these associations and variation among individuals (Umberson et al. 2014).
Moreover, even when resources are available, they may not be activated or they may be activated,
but not effective. In a creative study by Schafer and colleagues (2011), the authors further
developed CI theory in describing how structure and agency may operate together in shaping
action and underscore the importance of perceptions of the past, present, and future. This
dissertation observed the link between perceptions of aging and biological aging as well as
mortality, but more work is needed to identify how perceptions are shaped and in turn, how they
shape aging and health.
A third area of research needed to advance the literature on the early origins of health and
aging as well as prepare for translational research is intervention.

Although biological

interventions have been proposed such as introducing telomerase to cells in order to lengthen
telomeres (Blasco 2005), more reasonable and low-risk strategies for intervention will likely take
place at the social level. Indeed, among adults, some physical activity and meditation interventions
have been found to buffer the effect of stress on telomere length (Jacobs et al. 2011; Moffit 2013;
Puterman et al. 2010).

Among children, several interventions aimed at preventing child

maltreatment, preventing violence, promoting academic achievement, and reducing conduct
problems, depression, substance abuse, and other mental and behavioral issues have been
developed and hold promise for fostering healthy development into adulthood (National Research
Council and Institute of Medicine 2009). Relatively recently, there also has been enthusiasm for
the use of biomarkers in monitoring the effects of stress and aiding in effective intervention. This
dissertation examined the value of a biomarker of aging in distinguishing biological age

126
differences associated with early life exposures as well as predicting mortality. Although telomere
length was not associated to mortality risk, it could perhaps be a marker of early misfortune.
Research should continue to test the validity and reliability of biomarkers.
Overall, this dissertation uncovered early life exposures that are linked to older biological
age and greater mortality risk. In doing so, it became apparent that some individuals are able to
overcome early life risks and experience longer lives. This dissertation identifies areas of research
in need of investigation including more thorough examination of: the elements of exposures,
pathways and mechanisms by which early exposures may lead to aging and mortality, and utility
of telomere length as a biomarker. It is clear that early life exposures shape aging, health, and
mortality. This dissertation uncovered which types of exposures were linked to aging and
mortality, in what doses, and for whom. This research helps take the early origins of health
literature one step closer in bridging the gap between research and intervention strategies aimed at
promoting longer, healthier lives.

Table 5.1 Relationships between Childhood Exposures and Adult Mortality Risk
Type of Relation
Direct Effect
Indirect Effect
Associational
Indirect Effect
Internal
Indirect Effect
External

Direction of
Relationship
+
+
+
+
-

Relationship Description Example
Scarring
Acquired immunity
Correlated environment
Selection
Maladaptive regulation
Adaptive regulation
Accumulation
Compensatory

Fetal programming
Vaccines
Endowments/entitlements
Heritability
Biological embedding and the HPA axis
Control over affect and meaning
Chains of risk
Resource activation/reconfiguration/mobilization
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APPENDIX A. CHAPTER 2 SUPPLEMENTARY ANALYSES

Table A.1. AIC and BIC for Models using Different Age Cutoffs for Parental Longevity
Parental Longevity Cutoff
75+
80+
85+
Note: Models are fully adjusted

AIC

BIC

201341.464
201357.548
198887.124

206519.082
206535.166
204064.742
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Table A.2. Multinomial Logistic Regression Predicting Telomere Length: Comparison of the
Bottom to the Top Sextilea
Men
O.R.

b

Women
C.I.

c

O.R.

C.I.

Demographics
Black

0.381**

0.197-0.736

0.479*** 0.326-0.689

Hispanic

0.578*

0.335-0.997

0.711

Age

1.042***

1.023-1.061

1.054*** 1.037-1.071

Mom Age 85+

0.800

0.575-1.112

0.742*

0.557-0.989

Dad Age 85+

0.983

0.671-1.441

0.937

0.697-1.261

1 SES Disadvantage

1.288

0.810-2.046

1.002

0.651-1.541

2+ SES Disadvantages

1.322

0.833-2.079

1.180

0.737-1.889

1 Risky Parental Behavior

1.774**

1.205-2.641

0.931

0.667-1.300

2+ Risky Parental Behaviors

1.305

0.780-2.185

1.335

0.940-1.896

1 Chronic Disease

0.977

0.705-1.355

0.834

0.591-1.175

2+ Chronic Diseases

1.201

0.634-2.272

0.773

0.488-1.224

1 Infectious Disease

0.808

0.394-1.657

1.072

0.564-2.038

2+ Infectious Diseases

1.078

0.637-1.823

1.110

0.586-2.102

1 Impairment

1.180

0.717-1.942

1.224

0.851-1.760

2+ Impairments

0.837

0.423-1.655

0.664

0.323-1.365

1 Risky Adolescent Behavior

1.514

0.784-2.922

0.616

0.293-1.295

2+ Risky Adolescent Behaviors

2.466

0.349-17.404

0.802

0.275-2.334

Education

0.984

0.928-1.043

1.022

0.967-1.081

Wealth

0.977

0.933-1.023

0.975

0.927-1.025

Divorced/Separated

1.033

0.574-1.858

0.937

0.649-1.354

Widowed

0.987

0.558-1.744

1.020

0.696-1.495

Never Married

0.162*

0.035-0.742

0.487

0.228-1.036

Pack-Years Smoking

1.022

0.971-1.076

1.183*** 1.117-1.254

Heavy Drinking

0.879

0.414-1.865

0.873

0.244-3.115

Physical Activity

1.146

0.785-1.672

1.016

0.748-1.379

Body Mass Index

0.949**

0.919-0.980

0.992

0.973-1.012

0.401-1.260

Parental Longevity

Childhood Misfortune

Adult Socioeconomic Factors

Marital Status (ref. is married)

Adult Health Lifestyle

AIC

87371.921

122456.833
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Table A.2 continued
BIC
a

90280.408

The results displayed are the bottom 1/6th of telomere lengths compared to the top 1/6th telomere lengths (reference);

b

O.R. is odd ratio; cC.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001
Note: Italicized coefficients indicate significant differences by gender.

.

125245.811
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Adult
0.289*

Pack-Years

Parent
Substance
Abuse

-0.014***

Adult
-0.042**

Telomere
Length

Figure A.1. The Indirect Effect of Parental Substance Abuse on Telomere Length through Adult
Pack-years Smoked for Women.
Notes: Indirect effect of parental substance abuse = -0.005. Unstandardized coefficients displayed.
Model is fully adjusted. *p≤0.05; **p<0.01; p***<0.001
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Adult
0.264**

Pack-Years

Parent
Smoked

-0.014***

Adult
0.015

Telomere
Length

Figure A.2 The Indirect Effect of Parental Smoking on Telomere Length through Adult Packyears Smoked for Women (Model Excludes Parental Substance Abuse).
Notes: Indirect effect = -0.006*. Unstandardized coefficients displayed. Model is fully adjusted.
This model does not include parental substance abuse (one of the risky parental behavior indicators)
to examine potential confounding with parental smoking. *p≤0.05; **p<0.01; p***<0.001
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Adult
0.277

Pack-Years

Parent
Substance
Abuse

-0.013***

Adult
-0.037*

Telomere
Length

Figure A.3. The Indirect Effect of Parental Smoking on Telomere Length through Adult Packyears Smoked for Women (Model Excludes Parental Smoking).
Notes: Indirect effect = -0.004. Unstandardized coefficients displayed. Model is fully adjusted.
This model does not include parental substance abuse (one of the risky parental behavior indicators)
to examine potential confounding with parental smoking. *p≤0.05; **p<0.01; p***<0.001

APPENDIX B. CHAPTER 4 SUPPLEMENTARY ANALYSES

Table B.1. Cox Regression Models of Childhood Misfortune Predicting Cardiovascular Mortality (2008-2014)
Model 1
H.R.
C.I.b
a

Demographic Characteristics
Age
Female
Black
Hispanic
Parental Longevity
Mom Age 85+
Dad Age 85+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Infectious Disease
2+ Infectious Diseases
1 Chronic Disease
2+ Chronic Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors

Model 2
H.R.

Model 3
C.I.

H.R.

C.I.

1.116 ***
0.607 **
1.390
0.517 *

1.090-1.142
0.459-0.803
0.914-2.116
0.278-0.694

1.117 ***
0.604 **
1.372
0.521 *

1.091-1.143
0.456-0.800
0.902-2.088
0.280-0.967

1.116 ***
0.603 **
0.620
0.837

1.091-1.143
0.456-0.797
0.099-3.870
0.029-24.309

0.802
0.808

0.642-1.003
0.577-1.132

0.799
0.805

0.638-1.000
0.573-1.131

0.786 *
0.804

0.637-0.996
0.575-1.125

0.845
0.854
0.894
0.619
1.176
1.282
0.916
0.765
0.707
1.146
0.844
0.378

0.560-1.275
0.570-1.280
0.670-1.182
0.346-1.106
0.645-2.144
0.776-2.119
0.468-1.251
0.468-1.000
0.500-1.000
0.504-2.604
0.426-1.672
0.060-2.364

0.847
0.857
0.897
0.623
1.171
1.280
0.916
0.763
0.701 *
1.117
0.849
0.388

0.561-1.278
0.570-1.287
0.672-1.197
0.347-1.113
0.643-2.132
0.775-2.115
0.654-1.284
0.466-1.249
0.494-0.995
0.490-2.541
0.431-1.674
0.062-2.414

0.845
0.853
0.897
0.621
1.171
1.279
0.906
0.755
0.700 *
1.106
0.855
0.389

0.560-1.276
0.567-1.283
0.672-1.195
0.347-1.111
0.645-2.126
0.773-2.117
0.644-1.273
0.459-1.240
0.494-0.992
0.487-2.511
0.432-1.693
0.063-2.417
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Table B.1 continued
Adult SES
Education
Wealth
Marital Status
Divorced
Widowed
Never Married
Adult Health Lifestyle
Physical Activity
Heavy Drinking
Body Mass Index
Pack-Years Smoking
Depressive Symptoms
Subjective Life Expectancy
Telomere Length
Race*Telomere Length
Black
Hispanic
F
a

0.989
0.934 **

0.943-1.038
0.899-0.970

0.989
0.934 **

0.943-1.038
0.899-0.970

0.989
0.935 **

0.943-1.037
0.900-0.971

0.795
0.961
1.206

0.478-1.321
0.679-1.361
0.567-2.562

0.797
0.960
1.201

0.479-1.327
0.679-1.358
0.565-2.552

0.808
0.965
1.199

0.486-1.346
0.682-1.365
0.551-2.68

0.343 ***
2.038
1.009
1.002
1.157 ***
0.995 *

0.204-0.578
0.820-5.064
0.981-1.037
0.997-1.007
1.081-1.240
0.991-0.999

0.344 ***
2.038
1.008
1.002
1.159 ***
0.995 *
1.232

0.205-0.579
0.817-5.084
0.981-1.067
0.997-1.007
1.081-1.243
0.991-1.000
0.786-1.931

0.345 ***
2.040
1.008
1.022
1.159 ***
0.995 *
1.137

0.205-0.581
0.822-5.063
0.981-1.036
0.997-1.007
1.081-1.244
0.991-1.000
0.683-1.895

1.806
0.676
18.36 ***

0.453-7.196
0.044-10.467

16.57 ***

15.95***

b

H.R. is hazard rate; C.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001
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Table B.2. Cox Regression Models of Childhood Misfortune Predicting Cancer Mortality (2008-2014)
H.R.
Demographic Characteristics
Age
Female
Black
Hispanic
Parental Longevity
Mom Age 85+
Dad Age 85+
Childhood Misfortune
1 SES Disadvantage
2+ SES Disadvantages
1 Risky Parental Behavior
2+ Risky Parental Behaviors
1 Infectious Disease
2+ Infectious Diseases
1 Chronic Disease
2+ Chronic Diseases
1 Impairment
2+ Impairments
1 Risky Adolescent Behavior
2+ Risky Adolescent Behaviors
Adult SES
Education
Wealth

a

Model 1
C.I.b

Model 2
H.R.

Model 3
C.I.

H.R.

C.I.

1.062 ***
0.701 *
1.224
0.562

1.045-1.079
0.510-0.964
0.809-1.851
0.275-1.150

1.061 ***
0.702 *
1.234
0.562

1.045-1.079
0.510-0.966
0.818-1.862
0.276-1.146

1.060 ***
0.700 *
0.616
2.962

1.044-1.078
0.508-0.967
0.127-2.989
0.342-25.643

1.143
0.700

0.860-1.519
0.480-1.020

1.147
0.700

0.862-1.525
0.480-1.023

1.150
0.704

0.866-1.526
0.481-1.031

0.742
0.995
0.905
1.103
0.517
0.723
0.784
0.587
0.943
1.384
1.417

0.497-1.108
0.671-1.474
0.666-1.232
0.663-1.547
0.259-1.027
0.443-1.181
0.562-1.093
0.293-1.174
0.662-1.342
0.709-2.704
0.884-2.269

0.742
0.993
0.903
1.008
0.518
0.723
0.784
0.589
0.945
1.400
1.416

0.497-1.108
0.669-1.471
0.664-1.227
0.660-1.541
0.261-1.028
0.443-1.182
0.562-1.093
0.295-1.176
0.665-1.343
0.719-2.725
0.883-2.269

0.742
0.992
0.906
1.017
0.530
0.736
0.780
0.585
0.946
1.381
1.417

0.497-1.107
0.669-1.470
0.666-1.234
0.664-1.558
0.265-1.060
0.450-1.205
0.559-1.086
0.294-1.165
0.665-1.344
0.714-2.674
0.886-2.268

-1.002
0.934 *

-0.945-1.063
0.880-0.992

1.002
0.935 *

-0.944-1.063
0.880-0.992

1.000
0.935 *

0.942-1.063
0.881-0.993
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Table B.2 continued
Marital Status
Divorced
Widowed
Never Married
Adult Health Lifestyle
Physical Activity
Heavy Drinking
Body Mass Index
Pack-Years Smoking
Depressive Symptoms
Subjective Life Expectancy
Telomere Length
Race*Telomere Length
Black
Hispanic
F
a

1.037
0.889
1.193

0.715-1.503
0.608-1.301
0.609-2.334

1.039
0.891
1.199

0.716-1.508
0.609-1.304
0.609-2.362

1.049
0.901
1.237

0.727-1.513
0.616-1.318
0.626-2.443

0.519 **
1.431
0.974
1.008 ***
0.991
0.995 *

0.356-0.757
0.662-3.095
0.946-1.002
1.004-1.012
0.917-1.072
0.990-0.999

0.519 **
1.429
0.974
1.008 ***
0.990
0.995 *
0.870

0.356-0.756
0.660-3.091
0.946-1.003
1.004-1.012
0.916-1.070
0.990-0.999
0.515-1.468

0.520 **
1.444
0.974
1.008 ***
0.991
0.995 *
0.879

0.356-0.789
0.662-3.149
0.947-1.003
1.004-1.012
0.918-1.072
0.990-0.999
0.494-1.534

1.673
0.246
9.27 ***

0.495-5.652
0.041-1.465

8.38 ***

8.54 ***

b

H.R. is hazard rate; C.I. is confidence interval.

*p<0.05; **p<0.01; p***<0.001
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